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PREFACE. 


THERE  is  at  preeent  no  sftnitary  subject  of  more  general 
interest,  or  attracting  more  general  attention,  than  that 
relating  to  the  abundance  and  wholesomeness  of  domestic  water 
Bapplies. 

Each  citizen  of  a  densely  populated  municipality  must  of 
necessiiy  be  personally  interested  in  either  its  physiological  or 
its  financial  bearing,  or  in  both.  Each  closely  settled  town  and 
city  must  give  the  subject  earnest  consideration  early  in  its  ex- 
istence. 

At  the  close  of  the  year  1875,  fifty  of  the  chief  cities  of  the 
American  Union  had  prorided  themselves  with  public  water  sup- 
plies at  an  aggregate  cost  of  not  less  than  ninety-five  million 
dollars,  and  two  hundred  and  fifty  lesser  cities  and  towns  were 
also  provided,  vrith  liberal  public  water  supplies  at  an  aggregate 
cost  of  not  less  than  fifty-five  million  dollars. 

The  amount  of  capital  annually  invested  in  newly  inaugurated 
water-works  is  already  a  large  sum,  and  is  increasing,  yet  the 
entire  American  literature  relating  to  water-supply  engineering 
exists,  as  yet,  almost  wholly  in  reports  upon  individual  works, 
nsually  in  pamphlet  form,  and  accessible  each  to  but  compara- 
tirely  few  of  those  especially  interested  in  the  subject 

Scores  of  municipal  water  commissions  receive  appointment 
each  year  in  the  growing  young  cities  of  the  Union,  who  have  to 
inform  themselves,  and  pass  judgment  upon,  sources  and  systems 
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of  water  supply,  which  are  to  becomo  helpful  or  bnrdenflome  to 
the  conuuuniticB  they  are  iuteuded  to  eucourage  accordingly  a^ 
the  works  prove  Buccessful  or  partially  failures. 

The  individual  members  of  these  "  Boards  of  Water  Commis- 
sioners," resident  in  towns  where  water  supplies  upon  an  extended 
scale  are  not  in  operation,  have  rarely  had  opportunity  to  observe 
and  become  familiar  with  the  Taried  practical  details  and  appa- 
ratus of  u  water  supply,  or  to  acquaint  themselves  with  even  the 
elementary  principles  governing  the  design  of  the  several  different 
systems  of  supply,  or  reasons  why  one  system  is  most  advanta- 
geous under  one  set  of  local  circumstances  and  another  system 
is  superior  and  preferable  under  other  circumstances. 

A  numerous  band  of  engineering  students  are  graduated  each 
year  and  enter  the  field,  many  of  whom  choose  the  specialty  of 
hydraulics^  and  soon  discover  that  their  chosen  science  is  great 
among  the  most  noble  of  the  sciences,  and  that  its  mastery,  in 
theory  and  practice,  is  a  work  of  many  years  of  studious  acquire- 
ment and  labor.  They  discover  also  that  the  accessible  literature 
of  their  profession,  in  the  English  language,  is  intended  for  the 
class-room  rather  than  the  field,  and  that  its  formulsp  are  based 
chiefly  upon  very  limited  philosophical  experiments  of  a  century 
and  more  ago  but  partially  applicable  to  the  extended  range  of 
modem  practice. 

Among  the  objects  of  the  author  in  the  compilation  of  thi 
following  pioneer  treatise  upon  American  Water-works  are, 
supply  water-commissioners  with  a  general  review  of  the  beaj 
methods  practised  in  supplying  towns  and  cities  with  water,  and.] 
with  facts  and  suggestions  that  will  enable  them  to  compare  in- 
telligently the  merits  and  objectionable  features  of  the  diflerenl 
potable  water  sources  within  their  reach  ;  to  present  to  junior  andl 
Mgistant  hydraulic  engineers  a  condensed  summary  of  those  ele- 
mentary theoretical  principles  and  the  involved  formulas  adapted 
to  modem  practice,  which  they  will  have  fretiuently  to  apply, 
together  with  some  useful  practical  observations;  to  constmct 
and  gather,  for  the  convenience  of  the  older  busy  practitioners. 
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mnerona  tables  And  statistics  that  will  fiicilitate  their  calcula- 
ns,  some  of  which  wonld  otherwise  cost  them,  in  the  midst  of 
ssin^  labors,  as  they  did  the  author,  a  great  deal  of  laborious 
h  among  rare  and  not  easily  procurable  ackntific  treatises; 
ako  tu  present  to  civil  engineers  gener&llj  a  concise  reference 
maoQalr  relating  to  the  hydrology,  hydrodynamics  and  practical 
constrnetion  of  the  water-supply  branch  of  their  profession. 

This  work  is  intended  more  especially  for  those  who  hare 
already  had  a  task  assigned  them,  and  who,  as  coramisdonerr 
engineer,  or  assistant,  are  to  proceed  at  once  uix>u  their  reoon- 
BoiaaaQce  and  surTeys,  and  the  preparation  of  plaus  for  a  public 
water  supply-  To  them  it  is  humbly  submitted,  with  the  hope 
t  it  will  prove  in  some  degree  useful  Its  aim  is  to  develop 
bases  and  principles  of  constniction,  rather  than  to  trace  the 
rigiu  of^  or  to  describe  individual  works.  It  is,  therefore,  prac- 
iu  text«  illustration,  and  arrangement ;  but  it  is  hoped  that 
earnest,  active  young  workers  will  find  it  in  sympathy  with 
eir  mood,  and  a  practical  introduction,  as  well,  to  more  pro- 
und  and  elegant  treatises  that  unfold  the  highest  delights  of  the 
science. 

Qood  design,  which  is  invariably  founded  upon  sound  mathe- 
ticul  and  mechanical  theory,  is  a  first  requisite  for  good  uml 
judicious  practical  engineering  oonstraction.  We  present,  there- 
bret  the  formula,  many  of  them  new,  which  theory  and  practical 
experiments  suggest  as  aids  to  preliminary  studies  for  designs, 
and  many  tables  baaed  upon  the  formulas,  which  will  facilitate  the 
labon  of  the  designer,  and  be  UBcful  as  checks  against  his  own  com- 
putations, and  we  give  in  addition  such  discussions  of  the  elemen- 
tarr  principles  upon  which  the  theories  are  founded  as  will  enable 
the  rtudent  to  trace  the  origin  of  each  formula ;  for  a  formula  is 
ften  a  treacherous  guide  unless  each  of  its  factors  and  experience 
deots  are  well  understood.  To  this  end,  the  theoretical  dia- 
ons  are  in  familiar  language,  and  the  formulas  in  simple  ar- 
nwigfctnent,  so  that  a  knowledge  of  elementary  mathematics  only 
is  ocoewy  to  read  and  use  theuL 
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Wo  do  by  no  means  intimate,  however,  that  an  aoquaintanca 
with  elementary  theories  alone  anfficea  for  an  accomplished  en- 
gineer. It  is  Bometimes  said  that  genius  spams  rules,  and  it  is 
true  that  untutored  genius  sometimes  grapples  with  and  accom- 
plishes great  aud  worthy  deeds,  but  too  often  in  a  bungling 
manner,  not  to  bo  imitated. 

In  kindly  spirit  we  urge  the  student  to  bear  in  mind  that  it  is 
the  rigorously  tjaincd  genius  who  oftenest  achieves  mighty  works 
by  methods  at  once  accurate,  economical^  artistic,  and  iu  every 
respect  successful  and  admirable. 

J.  T.  P. 

Boston,  y^otember,  JS79, 


Preface  to  the  third  edition. 

a^HE  revival  of  business  in  the  year  1880  revived  an  interest  in 
-  water-supply  projects  in  many  cities  that  were  outgrowing 
their  old  supplios,  and  revived  nn  interest  in  water-powers  among 
capitalists  that  were  contemplating  new  or  increased  manufacturing 
facilities,  and  gave  to  the  practice  of  hydraulic  engineeriog  a  new 
imi>ctiis.  It  gave  also  to  a  laige  number  of  engineering  students 
immediate  employment  upon  the  new  works  inaugurated,  and 
created  an  enlarged  demand  for  literature  relating  to  hydraulics. 
As  a  result  of  the  j*enval,  a  third  edition  of  this  treatise  is  called  for. 
The  author  has  availed  of  the  opportunity  to  introduce  several 
DOW  illustrntions,  and  some  further  statistics  of  the  operations  of 
water  supplies  in  the  year  1880. 

J.  T.   F. 
DMWfnAtfr,  2S8L 
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SECTION   I. 

Collection  and  Storage  of  Water,  and  its  Impurities. 


CHAPTER  L 

INTBOD0CTOBT, 


1.  Necessity  of  Public  Water  Sapplies.— A  new  or 

an  additional  water  supply  is  an  inevitable  necessity  when- 
ever and  wherever  a  new  settlement  establishes  itself  in  an 
isolated  position ;  again  whenever  the  settiement  receives 
any  considerable  increase ;  and  again  when  it  becomes  a 
great  metro{K>liB  or  mann&ctuiing  centre. 

In  all  tiie  wonderful  and  complex  transformations  in 
Nature,  in  the  sustenance  of  all  organized  beings,  and  in 
the  convenience  and  delight  of  man,  water  is  appointed  to 
perform  an  important  and  essential  part. 

life  cannot  long  exist  in  either  plant  or  anintal,  unless 
water,  in  some  of  its  forms,  is  provided  in  due  quantity. 

Wholesome  water  is  indispensable  in  the  preparation  of 
all  our  foods ;  clear  and  soft  water  is  essential  for  promot- 
ing the  cleanliness  and  health  of  our  bodies ;  and  pure 
water  is  demanded  for  a  great  variety  of  the  operations  of 
the  useful  and  mechanic  arts. 

2.  Physiological  Office  of  Watw.  —  Of  the  three 
essentials  to  human  life,  air,  wcUer,  and  foody  the  one  now 
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to  be  specially  considered,  water,  has  for  its  physiological 
office  to  maintain  all  the  tissues  of  the  body  iu  healthy  ^ 
action.  | 

If  the  water  received  into  the  system  is  unfit  for  such 
special  duty,  all  the  animal  fuuctious  suffer  and  are  weak- 
ened, air  then  but  partially  claiifies  the  blood,  food  then  is 
imperfectly  assiuiilati^d,  and  the  body  degenenites. 

Vigor  is  essential  to  the  uniform  success  and  happiness 
of  every  individual,  and  strength  and  happiness  of  thcJ 
people  are  essential  to  good  public  morals,  good  public 
government,  and  sound  public  prosperity. 

Sanitary  improvements  are,  therefore,  among  the  first 
and  chief  duties  of  public  officers  and  guardians,  and  have 
ever  been  the  objects  of  the  most  earnest  thought  and  labo 
of  great  public  philantliropists. 

3.  Sanitary  Oflice  of  Public  Water  Supi^lies 
Water  has  thus  far  proved  the  most  effectual  and  econom- 
ical agent,  as  sanitary  scavenger,  in  the  removal  from  our 
liabitationa  of  waste  slops  and  sewage,  and  also  the  most 
effectual  **  and  economical  agency  in  the  protection  of  life 
and  property  from  destruction  by  fire. 

The  necessity  of  a  judiciously  executed  system  of  public 
water-supply  increases  as  the  population  of  a  town  increases; 
as  the  mass  of  buildings  thickens ;  as  the  lands  upon  which 
the  town  is  built  become  saturated  with  sewage,  and  the 
individual  sources  within  the  town  are  polluted;  as  the 
atmosphere  over  and  within  the  town  is  fouled  by  gases 

*  We  Deed  refer  lo  but  one  of  many  experiences,  viz. :  At  Columbas. 
Ohio,  tlic  average  loM  by  flre  for  the  four  yearn  prrceding  the  completion  of 
the  public  water-worka  wa«  ^^g  of  one  per  cent,  of  tho  valuation.  Tlie  nverage 
Io8*t  during  the  first  four  yearn  after  the  eompletlon  of  the  works  waA  ^g,  and 
during  the  fifth  year,  from  April  1, 1875,  to  April  1. 1876.  was  ^  of  the  valu- 
ation. These  fttAtiHticfiHhnwa  probable  saving  in  the  finrt  four  years  of  upward 
trf  oiie-hnir  millJoQ  dollars,  and  in  five  years  of  mure  than  the  entire  coat  of  the 
water- worka. 
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arising  therefrom ;  and  as  the  dauaguB  of 
and  contagious  iliHPftftffi  iDcreaflC'. 

■  4.  HelpfUl  Influence  of  Public  Water  8appUe«i^ 

B^o  town  or  city  can  submit  to  a  cuBtiaaed  vaat  of  aa 
Kadcquate  supply  of  pure  and  wbcdeaome  water  vitboct  a 
Beerioufi  check  in  its  prosperity. 

■  Capital  is  always  wary  of  inreflbncnt  where  the  ekmeuto 
of  safe^  and  health  are  lacking,  and  induftiy  divadf  fr^ 
quent  faflores  and  objectionable  quality  in  its  water  mpply. 

It  is  true  that  consideiations  of  profit  aooKtimes  indooe 
the  assembling  of  a  town  where  potable  walefs  are  procur- 
able with  difficulty,  but  in  such  caaea  flhe  hMsk  is  sure  to 
prove  a  growing  hindrance  to  its  prosperity,  and  before  the 
town  arriTes  at  considerable  magnitod£!»  it^  n^medy  will 
present  one  of  the  most  difficult  problems  with  which  its 
municipal  authorities  are  obliged  to  cope. 

■  In  the  e:q>erienoe  of  all  large  and  thriving  cities,  there 
has  come  a  time  when  an  additional  or  new  and  abundant 
water  supply  was  a  necessity,  terribly  real,  thai  would  m*t 
be  talked  down,  or  resolved  out  of  existence  by  public 
meetings,  or  wait  for  a  more  convenient  season;  a  time 
when  it  was  not  possible  for  erery  citizen  to  supply  his 
household  or  his  place  of  business  independently,  or  even 
for  a  majority  of  the  citizens  to  do  so,  and  when  prompt, 
xmited,  and  systematic  action  must  be  taken  to  ensure  the 
health,  prosperity,  and  safety  of  the  people.  Such  stern 
necessity  often  appears  to  present  difficulties  almost  insur- 
mountable by  the  available  mechanical  and  financial  re- 
sources of  the  citizens. 

Out  of  such  simple  but  positive  necessities  have  grown 
the  grandest  illustrations,  in  our  great  public  water  sup- 
plies, of  the  benefits  of  co-operative  action,  recorded  in  the 
annals  of  political  economy.     Out  of  such  simple  necessi- 
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tiee  grew  some  of  the  most  magnificent  and  enduring  con- 
structions of  the  |>owerful  empires  of  tlie  Middle  Ages,  the 
architectural  giundcur  of  which  the  modems  have  not 
attempted  to  surpass. 

5.  3Iunlcipal  Control  of  Public  Water  Supplies. 
— ^The  magnitude  of  the  hibors  to  be  performed  and  the 
amount  of  capital  required  to  be  invested  in  the  construc- 
tion of  a  system  of  watt;r  supplies  invariably  brings  into 
j)roininence  the  question,  Shall  the  construction,  operation, 
and  control  of  these  works  be  entrusted  to  private  capital, 
or  shall  they  be  executed  under  the  patronage  of  the  muni- 
cipiil  authorities  and  under  the  direction  of  a  commission 
delegated  by  the  people?  The  conclusion  reached  in  a 
majority  of  the  American  cities  has  been  that  the  works 
ought  to  be  conducted  as  public  enterprises.  They  have 
been  believed  to  be  so  intimately  connected  with  the  public 
interests  and  welfare  as  to  be  peculiarly  subjects  for  pub- 
lic promotion ;  and  that,  under  the  direction  of  a  commis- 
sion appointed  by  the  people  to  study  and  comprehend  all 
their  needs,  to  consider,  with  the  aid  of  expert  advice,  and 
to  suggest  plans,  the  works  would  be  projected  on  such  a 
liberal  and  comprehensive  scale  as  would  best  fulfil  the 
objects  desired  to  be  attained,  and  tliat  the  true  interests  of 
the  people  would  not  be  subordinated  to  mere  considera- 
tions of  profit. 

Furtlier,  that  if  the  works  when  complete  were  operated 
under  municijxil  care,  their  standard  and  effectiveness  would 
more  certainly  be  maintained ;  their  extension  into  new 
territorj'  might  keep  pace  with  and  encourage  the  growth 
of  the  city ;  tliey  might  not,  by  excessive  rates,  be  made  to 
oppress  important  industries ;  their  advantages  might  more 
surely  b(*  kept  within  the  reach  of  the  poorer  classes  ;  they 
might  more  ecouomlcally  be  applied  to  tlxe  adornment  of 
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when  judiciously  planaed, 
come  a  soorce  of  paUic 

Nearly  all  the  objects  deeiniblf  to  he 
iio  vater  supply  bare,  bowrer^   been 
nTimerous  insfiancce  that  m^^  be  dted, 
of  private  enterprise. 

6.  Value  ha  an  Inve^ment. — ^Tbe 
honestly  applied  to  tbe  ooastmctiao  of  an  inldUggafly  and 
judiciooaly  planned  effective  pablk  water  supply  has 
almoflt  invariably  proved,  both  direct^  and  indinictly,  a 
remanerative  investment* 

Many,  though  not  all,  of  oar  Amerfcas  Waler^apply 
Keports,  show  annual  incomes  from  wuter-rates  in  ezoen 
of  the  combined  annual  o])eniting  expenses  and  interest  on 
th«  capital  expended.  In  addition  to  this  cash  return,  there 
are  in  all  cases  benefits  accruing  to  tlie  public,  ui^ually 
^cecding  in  real  value  that  of  the  more  genei^y  recog- 
nized money  income. 

7.  IiieidiMital  Ad^nntages. — The  construction  of  water- 
works is  almost  sure  to  enhance  the  value  of  property  along 
Ita  lines,  under  its  protection,  and  availing  of  its  conve- 
iiieoces.    There  is,  also,  a  perpetual  reduction*  in  the 
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*  1b  A  looeiitlj  adopted  echedole  of  the  XatloDfti  BoAid  of  Underwiitem, 
Uwre  ue  addUiOfu  to  &  minimum  ttand^rd  rat*  in  a  atAxidjuil  rity.  wliirli  ta 
«ith  good  wmter  sapplj.  fire  alarm,  police,  etc..  ns  foUowB,  tonuMl 
^deac7  diaigea: 

Mliiiiunm  vtuidnrd  nte  of  intarance  of  a  standard  bnUdlnjc. , 

If  no  wnter  supply add 

If  oi4r  cirterti*.  or  equh-alent " 

If  BTfltem  is  otlipr  than  gravity " 

If  DO  fire  department •• 

If  no  police  organization ** 

If  no  building  law  in  force , " 

The  finaneial  value  of  the  enhanced  fire  ripk,  aa  dedaoed  by  tbe  Board  from 
an  ttnTnftftfw  maaa  of  etaiiatica,  and  the  additioual  premium  charged  on  th» 
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yearly  rates  of  insurance.  The  substitation  of  soft  water 
for  hard  water,  as  almost  all  waters  are,  results  in  a  mate- 
rial I'eduction  in  the  daily  waste  accompanying  the  prepa- 
ration of  foods,  in  laundry  and  cleansing  operations,  in  the 
production  of  steam  power,  and  in  many  of  the  processes 
employed  in  the  useful  arts. 

There  are  many  industries,  the  introduction  of  which  are 
of  value  to  a  community,  that  cannot  be  prosecuted  with- 
out the  use  of  tolerably  pure  and  soft  water.  To  save  the 
annual  aggregate  of  labor  required  to  convey  water  from 
wells  into  and  to  the  upper  floors  of  city  tenements  or  resi- 
dences, is  a  matter  of  no  inconsiderable  importance;  but 
paramount  to  all  these  is  the  value  of  the  sanitary  results 
growing  out  of  the  maintenance  of  health,  and  the  induce- 
ment to  cleanliness  of  person  and  habitation,  by  the  con- 
venience of  an  abundance  of  water  delivered  constantly  in 
the  household,  and  the  enhanced  safety  to  human  life  and 
to  property  from  destroying  flames,  accompanying  a  liberal 
distribution  of  public  fire  hydrants  under  adequate  pressure 
throughout  the  populous  districts. 

mo0t  faTorable  baildinga,  is  60  p«r  ceot  without  good  water-woi^,  and  40  per 
oeat.  If  oaly  fire  cistema  are  provided. 
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QUAXTTTT    OF    WaTBK  VaQgCTBED. 


S.  SiatiHticH  of  Water  Snpplled.— One  of  the  fini 

lUtied  of  a  Commission  to  whom  has  beea  M^lgptd  the 

of  examining  into  and  repotting  npoo  a  fgopoBwd 

ipplj  of  water  for  a  commomtj,  is  to  deCcnmae  not  oalj 

'bat  is  a  whcilesome  waUfr,   bat  wbat  quantity  of  socb 

jiole^ome  water  will  be  reqaired,  and  adeqnale  Ibr  its 

\i  and  proepectlTe  nsea 

:n  many  caaea,  thifi  proUem  is  parallel  with  the  d£t«r- 

[nation  of  a  product  from  two  foctora,  one  of  which  oolj 

a  kiiovm  qnantiO*.    OfWa  all  fiicton  most  be  aasamed. 

The  total  number  of  iobabitantfi,  the  total  nomber  of 

wellinga,  and  tlie  total  nomber  of  manufactrmng  and 

tmmercial  tirms  can  be  obtauxK'd  without  gn^t  difBculty, 

it  can  saMy  be  aasomed  that  eighty  ]M*r  cent  of  all 

within  n*ac!i  of  a  new  and  improved  wattT  supply 

be  among  ita  patrons  within  a  few  years  after  the  iutro- 

ioction  of  ttie  now  supply;  but  how  mnch  water  will  be 

Luir^  for  actual  use,  or  will  be  wasted,  per  i)er«)n,  per 

■dwelling,  or  per  tinn,  in  always  quite  nnoprtain. 

Rarely  can  any  data  wortliy  of  c^mfidence  resjjecting 
liese  quantitiea  be  obtaimd.  The  practice,  therefore,  gen- 
tly is,  to  obtain  statistics  from  towns  and  cities  already 
tupplied,  and  to  attempt  to  pVlnce  th<^»  to  some  general 
average  that  will  apply  to  the  caw*  in  hand. 

9.  C7<^n8UM  StatiHticH. — In  a  Rmall  portion  of  the  water- 
supply  reports  there  Is  given^  in  addition  to  the  total  quan- 
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tity  of  water  supplied,  the  numlK^r  of  families  supplied  ;  in 
other  reports,  the  number  of  dwellings,  or  the  number  of 
fixtures  of  the  several  elassc^s  supplied,  and  occasionally 
the  population  supplied,  or  the  total  population  of  the 
municipality. 

In  the  investigations  for  facts  applicable  to  a  new  sup- 
ply, when  information  must  necessarily  be  culled  from 
various  water  reports,  it  is  often  desirable  to  know  the 
populations  of  the  places  from  which  the  reports  are  re- 
ceived, their  number  of  families,  persons  to  a  family,  num- 
ber of  dwellings  and  persons  to  a  dwelling,  so  as  to  be  able 
to  reduce  their  water-supply  data  to  a  uniform  classifica- 
tion. AVe  therefore  present  an  abstract  from  the  United 
States  Census  for  the  year  1870,  giving  such  information 
respecting  fifty  prominent  American  cities : 


TABLE     No.    1. 

Population,  Families,  and  Dwfxlings  in  Fiftv  American  Cities. 
in  the  year  1870. 


Snm.* 

20 

23 
6 

7 
3 

II 

33 

26 

47 
5 
8 

PonOATION. 

Fahiubi. 

DWMLUKCa. 

CITIKS. 

Number. 

Penoos 

to  a 
tamlly. 

PfllKMA 

Number.  1     to  a 

ilw«Uti« 

Albany,  N.  Y 

Allesjheny,  Penn 

Baltimore,  Md.. 

Boston,  Mass.  ....... 

Brooklyn,  N.  Y 

Buffalo,  N.  Y 

69.422 

S3. '80 

267,354 
250,526 
396,099 

II7.7>4 

39.634 

48,956 

28,323 

298,977 

216,239 

«4.lo5 
10,147 
49,929 
48,188 
80,066 
22,325 

7.897 
9,098 

6.t5S 
59.497 
42.937 

4-92 

5-24 

5-35 
5.20 

4-95 
S.27 
5.02 

5.38 
460 

5-03 
5-04 

8.748 

8.347 

40,350 

29.623 

45.834 

18,285 

6,348 

6,861 

4.396 
44,620 
24,550 

7^ 

12 

8.64 
6.44 
6.24 
7.»4 
6.44 
6.70 
8.81 

Cambridge,  Mass 

Charleston,  S.  C 

Charlestown,  Mass 

Chicago   111        

Cincinnati,  Ohio 

*  This  column  expirsves  tlio  onlt<r  of  hUo  tat  numberod  from  Urgeat  to 
Bm&llest ;  New  York,  tbo  l&rgest,  being  Dumbered  1. 


STATISTICS  OP  Fnrrr  amebican  cities. 
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FopuiATiONy  £Ta,  IN  Fimr  American  Cities — {Qmtmued). 


cmss. 


Qeveland,  Ohio 

Columbus,  Ohio 

DaytOD,  Ohio 

Detroit,  Michigan .... 

fall  River  Mass. 

Hartford,  Conn.  - . . . . 
Indianipolts,  Ind.... 

Jersey  Ci^,  N.  J 

Kansas  City,  Mo 

La^Tence,  Mass . . . . . 

Louisville,  Ky 

Lowell,  Mass 

Lynn,  Mass 

Memphis,  Tenn. 

Milwaukee,  Wis. 

Mobile,  Ala 

Newark,  N.J 

New  Haven,  Conn... 

New  Orleans,  La 

New  York,  N.  Y. 

Paterson,  N.J 

Philadelphia,  Pa 

Pittsburg,  Pa: 

Portland  Me. 

ProWdence,  R.I 

^leadinfjS  Pa ■  - . 

Richmond,  Va 

Rochester,  N.  Y 

Sin  Francisco,  Cal. . . 

Savannah,  Ga 

ScriDton^  Pa 

St  Louis,  Mo 

SvTacuse,  N.  Y 

Toledo,  Ohio 

Troy,N.  Y 

Utica,N.Y 

Washington,  D,  C... 
Wilmington,  DeL  . . . . 
Worcester,  Mass 


PorOLATIOM. 


'S 

92.829 

42 

31.274 

44 

30,473 

18 

79.577 

50 

26.766 

34 

37»^8o 

27 

48,244 

17 

82.546 

38 

32,260 

45 

28,921 

14 

100,753 

31 

40,928 

49 

28,233 

32 

40,226 

19 

71.440 

39 

32,034 

13 

105,059 

25 

50,840 

9 

191.418 

X 

942.292 

37 

33.579 

2 

674,022 

16 

86,076 

41 

31*413 

21 

68,904 

36 

33.930 

24 

51.038 

22 

62,386 

10 

149.473 

48 

28,235 

35 

35.092 

4 

310,864 

29 

43.05* 

40 

31.584 

28 

46,465 

46 

28,804 

12 

109.199 

43 

30,841 

30 

41,105 

Fawukl 


IhriLUirGi. 


Number.  ,     to*       Nonbtf. 


18,411  I 
5.790 
6,109 

15.636 
5.216 

7.427 
9,200 

16,687 
S.585 
5.287 

'9.»77 
7.649 
6,100 

7.824 
14,226 

6,301 
21,631  ; 
10,482 

39.iS'J 

185,789 

7,048 

"7,746 

16,182 

6,632 

14,775 
6,932  i 

9.792  1 
",213; 

30,553  i 
5.013  j 
6,642 

59.431 
8,677 
6,457  ' 
9,302  ■ 

5.793  i 
21,343 

5.808 
8,658 


S'04 
540 
4.99 
509 

S  15 

SOI 
S.24 
4.95 

5.78 
S.47 
S.25 
5^35 
4.63 
S*«4 
5»o2 

5.08 

4.86 
4.85 
4.89 
S.07 
4.76 
5.28 
S.32 
4.74 
4.66 

4.89 
5.2 1 

5.II 
4.89 

5.63 

5.28 

5.23 
4.96 
4.89 

5-00 

4.97 
S.12 

5.31 
4.74 


ton 
dwekUoe 


16,692 
5.011  I 

5,6 1 1  I 
14,688  I 
2,687 
6,688 
7,820 
9,867  , 
5.42  4: 
3,443 
14,670 

6,362 
4,625 
6,4081 

13,048 
5.738  I 

14,350  I 
8,100  I 

33.656  I 

64,044! 

4,6531 
[12,3661 
14,2241 

4,836! 

9.227  I 

6,294  I 

8,033  ; 
11,649: 

25.905 
4,561 
5.646 

39.675 
7,088 
6,069 
5.893 
4,799 

19.545 
5.398 
4,922 


5*56 
6.24 

5*43 

S.42 
9,96 

SS6 
6.17 

8.37 

595 
8.40 

6,87 

6.43 

6.  to 
6,118 

7.3» 

6.2& 

5-69 
14.72 
7.22 
6.01 
6.05 
6.50 
7.46 
539 
6.35 
5.36 

5-77 
6.19 
6.21 

7.84 
6.07 

5-20 

7.88 

6.00 
559 
5-71 
8.35 
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lO-    Approximate    Consiunption   of  Water. - 

American  cities,  having  well  arranged  and  maintained  sys- 
terns  of  water  supply,  and  fuiTUsbing  good  wholesome 
water  for  domestic  use,  and  clear  soft  water  adapted  to  the 
uses  of  the  arts  and  for  mechanical  puq^oses,  the  average 
consumption  is  found  to  be  approximately  as  follows,  in 
United  States  gallons : 


1 


(a.)  For  ordinary  domestic  use,  not  including  hose 
20  gallons  per  capita  per  day. 

(b,)  For  private  stables,  including  carriage  washing, 
when  reckoned  on  the  basis  of  inhabitants,  3  gallons  per 
capita  per  day. 

(c.)  For  commercial  and  manufacturing  purposes,  6  to 
16  gallons  per  capita  per  day. 

(d,)  For  fountains,  drinking  and  ornamental,  3  to  10 
gallons  per  capita  per  day. 

(e,)  For  tire  pnri>o8es,  ^  gallon  per  capita  per  day. 

(/.)  For  private  hose,  sprinkling  streets  and  yards, 
10  gallons  per  capita  ^r  day,  during  the  four  dryest 
montlis  of  the  year, 

ip,)  Waste  to  prevent  freezing  of  water  in  service-pipea 
and  house-fixtures,  in  Northern  cities,  10  gallons  per  capita 
per  day,  during  the  tliree  coldest  months  of  the  year. 

(A.)  Waste  by  leakage  of  fixtures  and  pipes,  and  use 
for  flushing  purposes,  from  5  gallons  per  capita  per  day 
upward. 

The  above  estimates  are  on  the  basis  of  the  total  popu- 
lations of  tlie  municipalities. 

Th*^re  will  he  variations  from  the  above  approximate 
general  average,  with  increased  or  decreased  consumption 
for  each  individual  town  or  city,  according  to  its  social  and 
business  peculiarities. 
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■  The  domestic  use  is  greatest  in  tlie  towns  and  cities,  and 

■  m  the  portions  of  the  towns  and  cities  Laving  the  greatest 
vealth  and  refinement,  whore  water  is  ap])reciat^'d  as  a 
larury  as  well  as  a  necessity,  and  tliis  is  true  of  the  yard 
sprinkling  and  ornamental  fountain  use,  and  the  private 
stable  use. 

The  greatest  drinking-foantain  use,  and  fire  use,  and 
general  waste,  will  ordinarily  be  in  the  most  densely- 
populated  portions,  while  the  commercial  and  manufuctur- 
ing  usf  will  be  in  excess  where  the  steam-engines  an'  most 
numerous,  where  the  hydraulic  elevators  and  motors  are,  on 
the  stmroer  docks,  and  where  the  brewing  and  chemical 
arts  are  practiced. 

The  rati<i  of  length  of  piping  to  the  population  is  greater 
in  wealthy  suburban  towns  than  in  commercial  and  manu- 
facturing towns. 

Some  of  these  peculiarities  are  brought  out  in  a  follow- 
ing table  of  the  quantity  of  wat**r  supplied  and  of  piping  in 
several  cities,  which  is  based  upon  tlie  census  table  hereto- 
fore jB^veu  and  upon  various  watej'-works  reporta  for  the 
year  1870. 

The  general  introduction  of  public  water-works,  on  the 
Bravtant-supply  system,  with  liberal  pressures  in  the  mains 
'  and  house-services,  throughout  the  American  towns  and 
L'itit^,  haj3  encoura^red  its  liberal  U8<*  in  the  households,  so 
that  il  is  believtHi  that  tiie  legitiuiati^  and  econoniical  domes- 
ftcose  of  water  is  of  greater  average  in  the  American  cities 
than  in  the  cities  of  any  other  country,  at  the  present  time, 
and  its  general  use  is  steadily  increasing. 

IL  Water  Hiipplied  U^  Aiuieiit  Cities.— Tlie  sup- 
plies to  ancient  Jerusalem,  imperial  Rome,  Hyzantiura,  and 
Alexandria,  were  formerly  equal  to  three  hundred  gallons 
per  iudividual  daily  ;  and,  later,  tlie  supplies  to  Nismes, 


36 


QUANTITY  OF  WATER  KEQUIRED. 


Metz,  and  Lyons,  in  France,  and  Lisbon,  Segovia,  and 
Seville,  in  Spain,  were  most  liberal,  but  a  small  proportion 
only  of  the  water  supplied  from  these  magnificent  public 
works  was  applied  to  domestic  use,  except  in  the  palaces 
of  those  attached  to  the  royal  courts. 

13.  Water  Supplied  to  European  Cities.— In  the 
year  1870,  the  average  daily  supply  to  some  of  the  leading 
European  cities  was  approximately  as  follows : 


CITIES. 


London,    England  . . 

Manchester,     " 

Sheffield, 

Liverpool,        *• 

Leeds. 

Edinburgh,  Scotland. 

Glasgow, 

Paris,       France  ... 

Miirscilles,  " 

Genoa,  Italy 

Geneva,  Switzerland, 

Madrid,  Spain 

Berlin,  Prussia • 


Imp.  Galjjmcs. 


29 

24 
29 

»7 

30 
40 

30 
40 

30 
16 

x6 
18 


In  the  year  1866,  public  water  supplies**  were,  in  vol- 
ume, as  follows,  in  the  cities  named : 


crriEs. 

PorVLATIOH. 

Su^rl.v  rBR  CAprrx. 

Hamburi?.  Prussia  ■ 

300,000 
52,000 
43,000 

53»ooo 
100,000 

113, 000 

34   gals. 
20       " 

Altona,            "       

Tours.     France 

22 

Angers,         "      

11.5  '• 

13.6  " 
37      ** 

■'"•©^•■^ 

Toulouse,     "      

Nantes,         "      

Lyons,         "      

300,000 

•  vide  Kirkwood's  "  riUretion  of  River  WkterB."    Vui  Noetnuid,  N.  Y.,  IMBL 
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ProU  Bftnkiiie  gives,  ^  as  a  fair  estimate  of  the  real  daily 
4*mf'**^  for  water,  pur  iuh&bitiuit,  amongst  mliabitanU  of 
diflbront  habits  as  to  tho  quantity  of  water  tliey  conHume, 
the  following,  based  upon  British  water  supply  and  con- 
somption : 

RaNKIKE'S   ESTtMATS   FOR    ExGULND. 


Ii».  Gauxnw  riB  Day. 

UUL 

Gfftalitf. 

7 

3 

7 

3 

»9 

lO 

3 

7 

t 

33 

plving  fountains,  etc 

Tra<le  and  niAnufacturcs 

"5 
3 

Waste  under  careful  reguLitions,  saj .... 
Total  demand 

13.  Watpr  Supplied  to  Ameiiran  Cities.— The  lim- 
ited \ise  of  water  £or  dora»^stic  pur|>o8es  in  many  of  the 
European  cidtrs  during  the  last  half  century,  led  the  engi- 
ceere  who  constructed  the  pioneer  water-works  of  some  of 
the  American  States  to  beliere  that  30  gallons  of  watA*r  per 
capita  daily  would  be  an  ample  allowance  here ;  and  in 
their  day  there  was  scarce  a  precedent  to  li'a<l  them  to 
anticipate  tlie  present  large  consumption  of  water  for  lA\^'n 
and  street  sprinkling  by  hand-hose,  or  for  waste  to  prevent 
freezing  in  our  Northeni  rides. 

The  following  tables  will  show  that  tliis  early  estimated 
demand  for  water  has  becm  doubled,  trebled^  and  in  some 
iastanoes  even  quadrupled ;  and  this  considerable  excess, 
to  which  there  are  few  exceptions,  has  been  tlie  cause  of 
much  annoyance  and  anxiety. 

•  "  OTil  Engineering.-  London,  1878.  p.  781. 
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^V                 In  the  year  1870,  the  average  daily  supply  to  some  of  ^ 

^ft           the  American  cities  was  as  follows,  la  United  States  gallons  :   1 

^^V                                                    TABLE     No.                                                       1 

^ft              Water  Supplied  and  Piping  in  Several  Cities,  in  the  year  iS;©,    1 

Sorptv 

SUfPLV 

St^PLV 

Si 

Hi 

Porvuim 

fKR 

PRE 

rK« 

TOTAI. 

ys 

^^^1 

TIOM 

PBRSOK, 

Family, 

OWBLLtNG, 

Daily  SurrLV. 

S-t    f 

tH   1B70. 

DAItV 

Dauv 

Dailv 

AVBKACB. 

<  = 

as;  ■ 

A V BRAGS 

Avbracl 

tft. 

-1  £  X 

GathnM. 

Guifmju. 

CmUriu. 

cr«//«.x. 

Mite*. 

Mi*M,       ■ 

^H               Baltimore 267,354 

52.81 

282.53 

350.13 

14,122,032 

214  0.80   ^ 

^H               Boston    1  250,526 

60.15 

312.78 

508.87 

15,070,400 

'94   0.78 

H               Brooklyn 396,099 

47.16 

233-44 

407.46 

18,682,219 

258    0.65     J 

^M                Buffalo 117,714 

58.08 

306.08 

374.04 

6.838,303 

56;  0.48    1 

^H               Cambridge. .  . 

39»^34,  43.90 

220.38 

273.94 

^739.869 

60    1 .64 

^H                Charlestown. . 

28,323,  43.90 

301.94 

282.72 

^243^380 

25  '  0-90        1 

^H               Chicago 

298.977 

62.32 

313.47 

417.54 

"8.633,000 

240   0^1    M 

^H                Cincinnati  ..  . 

216,239 

40.00 

201.60 

352.40 

10,812,609 

132   o.6x    ■ 

■               Cleveland.... 

92.829 

33.24 

167.53 

184.81 

3»o8s,559 

5°   0-54    ■ 

^M               Detroit 

79.5771  <^4-24 

236.98 

348.>8 

5»' "2,493 

129I1.61    ■ 

H                Hartford 

37.i80|  65.81 

329.7" 

365.90 

2,447,000 

48  1 1.30    ■ 

H               Jersey  City... 

82,5461  83.66 

4I4-12 

700.23 

6,906,056 

70  1  0.8s    ■ 

^M               Louisville 

100,753    28.95 

»5<-99 

198.89 

2,8 "7.300    58 '0.58    ■ 

^B               Montreal,  Can. 
■               Newark 

117,500    49.00 
105,059    20.30 

5,720,306    96   0.81    ■ 
2,131,842     52    0,50    ■ 

98.17 

147.86 

^H               New  Haven . . 

50,840    59.00 

286.15 

370.52 

3,000,000    53    1.04    ■ 

^M               New  Orleans  . 

191,418    30.19 

M7.63 

171.78 

5.779.3"7     58   0.30    ■ 

^m              New  York  . .  .1942,293   90.30 

457.3  > 

1,327.74   85,000,000  346    0.37     I 

^M               Philadelphia  .  1674,032    55.11 

290.98 

33'-2> 

37,145,385  488   0.71     g 

^H                Salem 

24,117    41.46 
310,864    35.38 

looortno      «c     l.QJ. 

H               St.  Louis 



185.04 

277.381  11,000,000  105 

0.34 

^H               Washin^on  . . 

109,199  127.00 

650.24 

709.93    '3,868,273  102 

0.93 

^^^^         Worcester.  . . . 

41,105    48.65 

230.60 

406.23  j    2,000,000^    45 

1.09 

^^H           The  average  quantity  of  water  supplied  to  some  of  the 

^            same  cities  in  1874  is  indicated  in  the  following  fable,  show- 

^m            ing  also  the  extensions  of  the  pipe  systems,  and  the  increase 

^H            in  tlio  average  daily  consumption  of  water  per  capita,  from 

^M           year  to  year : 

M                 J 

INCREASE    m    VABIOUS    CITIEa 
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TABLE    No.    3. 
Water  Supplied  in  Years  1870  and  1874. 


CITIES. 


Boston ; 

Brooklyn  . .  • . 

Buffalo    

Cambridge . . . 
Charlestown  . 

Chicago 

Cincinnati. . . . 
Cleveland. .. . 

Detroit 

Jersey  City. . . 

Louisville 

Newark. 

Philadelphia  . 

Salem 

Washington . . 
Worcester. . , , 
Montreal  .... 


Avbkacs 

*  Daily  Svpfly 

PBK  Capita. 

i 

j    laya 

«»M. 

60 

60 

47 

S8 

58 

60 

44 

54 

44 

62 

64 

84 

40 

45 

32 

45 

64 

87 

84 

86 

29 

24 

20 

38 

55 

58 

41 

55 

127 

«38 

49 

80 

49 

66 

Total.  Avwmaxx  Daily  Sctply. 


iS7» 

15,070,400 

18,682,2x9 

6,838,303 

^739,869 

i|243f38o 
18,633,000 
10,812,609 

3,085.559 
5.  "2,493 
6,906,056 
2,817,300 
2,121,843 

37,145,385 
X, 000,000 

13,868,273 
2,000,000 
5,720,306 


1874- 


18,000,000 

24,772,467 

8,509,481 

2,300,000 

7,643,017 

38,090,952 

13,600.596 

5,625,150 

9,013,350 

10,421,001 

3,598,730 

4,732,7*8 

42,111,730 

1,380,000 

18,000,000 

3,000,000 

8,395,810 


Total 
Uius  or  Pins. 


1870.    j    1874 


194 

258 

56 

60 

25 
340 

132 

50 

129 

70 

58 

52 
488 

35 
102 

45 
96 


262 

323 

87 

76 

132 
386 

156 

81 

177 

III 

91 
X12 
625 

40 
141 

63 
114 


14.  The  Use  of  Water  Steadily  Increasing.— The 

Intimate  use  of  water  is  steadily  being  popularized,  calliiig 
for  an  iacreased  average  in  the  amount  of  household  appa- 
ratus, increased  fiacilities  for  garden  irrigation  and  jels 
d'eauj  increased  street  areas  moistened  in  dusty  seasons, 
and  increased  appliances  for  its  mechanical  use ;  from  all 
which  follows  increased  waste  of  water. 

15.  Increase  in  Various  Cities.— The  following  table 
is  introduced  to  show  the  average  daily  supply  in  various 
cities  through  a  succession  of  years : 
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TA  BLE     No.    4. 
Average- Gallons  Water  Supplied  to  Each  Inhabitant  Daily  in 


YEAR. 
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i 
1 

1 

^ 

^ 
g 

1 

a 

i 
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1 

ai 

CO 

cc 

u 

u 
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•— t 

•3 

X 

z 

— 

Jf 

1856 

1857 

1858 

— 

— 

— 

S 
8 

— 



ss 
46 
46 

— 

— 

— 

— 
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— 

. — 
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33 

75 

— 

— 

— 

— 



'859 

— 

— 

— - 

II 

— 

40 

48 

— 

— 

— 

— 

— 



i860  . . . . 

— 

— 

— 

14 

— 

43 

52 

77 

— 

— 

— 

— 



x86t 

— 

— 

— 

16 

— 

43 

5,^ 

— 

9 

— 

— 

- — 



1862 

— 

— 

n 

«9 

39 

44 

58 

— 

14 

— 

— 

— 



1863 

— 

^- 

32 

21 

— 

43 

58 

— 

12 

— 

— 

— 



1864....^ 

— 

— 

26 

22 

— 

41 

57 

— 

14 

— 

62 

— 



x86s 

1866 

— 

— 

29 

23 

— 

42 

55 

77 

n 

— 

— 

— 



ss 

— 

.^3 

22 

— 

43 

60 

^ 

17 

— 

— 

— 



1867 

59 

— 

36 

24 

— 

50 

64 

— 

15 

.^ 

62 

46 



1868 

62 

— 

43 

25 

— 

58 

67 



16 

— 

68 

5' 

-^ 

1869 

62 

— 

46 

27 

— 

62 

61 

— 

18 

'~~~ 

84 

S« 



1870 

60 

58 

47 

35 

40 

63 

64 

84 

29 

49 

90 

SS 

127 

X871 

54 

s» 

46 

36 

— 

73 

73 

— 

»9 

55 

85 

55 

130 

187a 

55 

61 

SO 

40 

60 

75 

83 

99 

22 

55 

88 

54 

134 

«873 

58 

60 

11 

43 

— 

75 

90 

— 

22 

60 

104 

56 

>38 

«874 

60 

60 

45 

45 

84 

87 

86 

24 

66 

— 

58 

138 

16,  Relation  of  Supply  per  Capita  to  Total  Pop- 
ulxitiou.— In  the  larger  cities  there  are  generally  the  great- 
est variety  of  purposes  for  which  water  is  required,  and 
consequently  a  greater  average  daily  consumption  per  cajv 
ita.  Exceptions  to  this  general  rule  may  be  found  in  a  few 
suburban  towns  largely  engaged  in  the  growth  of  garden 
track,  and  plants,  and  shrubs  for  tlie  urban  markets,  in 
which  there  is  a  large  demand  for  water  for  purposes  of 
irrigation. 

In  the  New  England  towns  and  cities  the  average  daily 
consumption  and  waste  of  water  according  to  population  ia 
approximately  as  follows : 


MONTHLY   AND   UOIULY    VAIUATIONS. 
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Places  of  10,000  population,  35  to  45  galloDS  pL't  capita. 
"  20,000  "  40  to  50       *• 

'*       "  30,000  «  45  to  65       ^'        "■        •' 

"       "  50,000  "  66  to  75       "        *'        " 

Places  of  75,000  population  and  upward,  60  to  100  gal- 
Ions  per  capita. 

17.  3IoutlUyan<]  Iloorly  Variations  in  the  I>raug:lit 
—The  data  heretofore  given  relatijig  to  the  daily  average 
consumption  of  water  liave  referred  to  annual  quantities 
reduced  to  their  daily  average.  The  daily  draught  is  not, 
however,  uniform  throxighout  the  year,  but  at  times  is 
greatly  in  excess  of  the  average  for  the  year,  and  at  other 
times  falls  below. 

It  may  be  twenty  to  tliirty  per  cent,  in  excess  during 
several  consecutive  weeks,  fifty  per  cent,  during  several 
consecutive  days,  and  not  infrequently  one  hundred  per 
cent,  in  excess  during  several  consecutive  tiours,  indepf^nd- 
ently  of  the  occasional  heavy  drafts  for  ftres.  Diagrams  of 
this  daily  consumption  of  water  in  the  cities  usually  sliow 
two  principal  maxima  and  two  principal  minima.  Tlie 
earliest  maximum  in  the  year  occurs,  in  the  Eastern  and 
Middle  States,  about  the  time  the  frost  is  deepest  in  tlie 
ground  and  the  weather  is  coldest,  that  is,  between  the 
middle  of  January  and  the  first  of  March,  and  in  New 
England  cities  this  period  sometimes  gives  the  maximum  of 
the  year.  The  second  maximom  occurs  usually  during  the 
hottest  and  dryest  portion  of  the  year,  or  between  the  mid- 
dle of  July  and  the  first  of  September.  The  two  principal 
minima  occur  in  the  spring  and  autnmn,  about  midway 
betwpen  the  maxima.  Bitwoen  thes»?  four  periods  the  pro- 
file shows  irregular  wavy  lines,  and  a  profile  diagram 
continued  for  a  series  of  j^^ars  shows  a  very  jagged  line. 

To  illustrate  the  irregular  consumption  of  water,  we 
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have  prepared  the  diagraina,  Fig.  1,  of  tiie  operations  of  the 
pumps  at  Chicago,  Brookljn,  Cincinnati,  and  Montrpal, 
during  the  jwira  1871,  1K72,  ISTS,  and  1874. 

18.  Ratio  of  Mouthly  Consuniptiou. — ^The  vaiia- 
ions  in  draughty  as  hy  monthly  classification,  in  stevi^ral 
prominent  cities,  in  the  year  1874,  have  been  reduced  to 
io8  of  mean  monthly  draughts  for  convenience  of  compar- 
m,  and  are  here  presented ;  unity  representing  the  mean 
ithly  draught  for  the  year : 


TABLE     No.    C. 
Ratios  of  Monthly  Consumptiox  or  Watx*  i>-  1874. 


CITIES. 

[ 

1 

1 

S93 

m 

s 

i 

Ik 

< 

i 

i 

i 

i 

Brooltlyn. . . . 

I.'     - 

. 

941 

I  008 

I.O^q 

1.0M 

1044 

■987 

.919 

974 

Bu£Uo. 

1 

'4> 

.983      963     .996  I.030  1.044  I.OII 

1.C40  1. 000 

I!Wla*w1 

- 

--1 

,„.-  ,  ....  ,  ,-,  J  206  1  o5»  i.ooi 

■943     9<S 

Kb 

i  167  1. 171  1. 115 

9S7  1.003 

^EclphU. 

.• 

145  1091     990 

.952    .853 

■OiicMfo  .... 

.ih2 

.«44-VJ4 

■W 

.Q42'  .<^a  1.171  1.193  1.162  I  e3q 

.9661.039 

Cincinnati.. . 

-79a 

.76a,  779 

.85t) 

X.02X  I  317,1. 307,1.357  1.302  1.058 

.960    .799 

Louisville. , . 

■843 

.819.649 

Ml 

.g6o  1.193  X.307  1.233  1. 30a  1.138 

.^o    .S76 

Montreal. . . . 

.«H 

•959.  943 

ixsas 

.9X&1  .907  1. 101,1.151  i.oi)6  1^3 

.971  1.023 

HeaiD. . . 

.8«7 

..,7 

Ml 

.897 

.960l1.07s1t.1441.15s  i.i30|iX4a 

^  ^« 

I 


There  is  also  a  very  perceptible  daily  variation  in  each 
eek,  and  hourly  variation  in  each  day,  in  the  domestic 
ccusnmption  of  water. 

kTlie  Bnx>klyn  dia^^niTii  shows  that  the  averag<^  dranght 
,  in  the  month  of  maximnru  consunij>tion  was  in  1872,  fifteen 
per  cent,  in  excess  of  the  average  annnal  draught ;  in  1873, 
seventeen  i)er  cent,  in  excess ;  in  1874,  thirteen  per  tent  in 


^■excess. 

r    Ai 


A  Boston  Higlilands  direct  pumping  dia^rram  lying  he- 
fore  the  writer  shows  that  the  average  draught  at  nine 
o'clock  in  the  forenoon  was  thirty-seven  per  cent  in  excess 
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■  of  the  average  draught  for  the  three  months,  and  that  at 
H            eight  o'clock  A.M.  on  the  Mondays  the  draught  was  sixty 

■  per  cent,  in  excess  of  the  average  hourly  draught  for  the 
B^^      three  months. 

^^f           The  maximum  hourly  draught  indicated  by  the  two 
V           diagrams  taken  togetlier  is  nearly  seventy-five  per  cent,  in 
H           excess  of  the  average  throughout  the  year. 
H                 19.   IlluHiratioiiM    of   Varying:   Cousuinption.  —  In 
H           illustratioHj  we  will  assume  a  case  of  a  suburban  town  re- 
H           quiring,  say,  an  average  daily  consumption  for  tlie  year  of 
H           ljOOO,000  United  States  gallons  of  water,  and  compute  the 
^H           maximum  rate  of  draught  on  the  bases  shown  by  the  above- 
H          named  diagrams,  thus: 

Gallons 
rxM  Day. 

Ga[.uii«s 
rn  MiK. 

Cubic  Fotr 

PKX   MiN. 

^^m               Averaire  dnitiifht  oer  vcar 

1,000,000 

1,017,000 
1,027.170 
1^7.222 

1,730.883 

M-4 
706.2 
713.1 
972.2 
1,202.0 

92.8 
93.1 

95-3 
129.9 
160.7 

^H               Add    17    per   cent,  for  max.  monthly  average 
^^M                 liraiiG'hr  mnkin^ .11 

^H               Add   to  the  Ust  quantity  10  per  cent,  for  the 

^B                  max.  weekly  average  draught,  making 

^H               Add  10  the  last  quantity  37  per  cent,  for  Uie 

^H                   max.  hourly  average  draught,  making 

^m              Add  10  the  last  quantity  33  per  cent,  for  the 
^H                   max.  hourly  av.  draught  on  Mondays,  making 

^^"          The  experience  of  nearly  every  water-supply  shows  that 
H          the  maximum  draught,  aside  from  fire-service,  is  at  times 
H          more  than  double  the  average  draught. 
H                20.  Re»er\'e  for  Fire  Extingruishment.— In  addi- 

H          tion  to  the  above,  tliere  should  bo  an  ami)lo  reserve  of  water 
H          for  iUM  ser\'ice,  and  extm  conduit  and  distribution  capacity 
H          for  its  deliver5\    There  is  a  possibility  of  two  or  three  fires 
H          biding  in  progress  at  the  same  time,  in  even  tlie  smaller 
H          cities,  requiring  at  least  twelve  hydrant  sti-eams,  or  say  300 
H          cubic  fd't  of  water  jmt  minute,  for  each  fire. 
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CHAPTER   HI. 

21.  The  Vapory  EleiueiitH. — The  elements  of  water 
fill  the  ethereal  blue  above  and  the  earth  crust  beneath. 
67,  with  unceasing  activity,  permeate  the  air,  the  rocks, 
the  eand,  the  fruits  we  eat,  and  the  muscles  that  aid  our 
motion. 

Since  first  **  there  went  up  a  mist  &x>m  the  earth,"  the 
straggle  between  the  ethereal  elements  and  earth's  internal 
fire,  between  the  intense  cold  of  space  and  direct  and 
radiated  heat  enveloping  the  face  of  the  earth,  has  gone 

I  on  unceasingly. 
2'i.  The  Liquid  and  GoHeons  SiicceKHlonH.— If  wo 
hold  a  drop  of  water  in  the  clear  sunshine  and  watch  it 
intently,  soon  it  is  gone  and  we  could  not  see  it  depart ;  if 
we  expose  a  dish  of  water  to  the  heat  of  fire,  silently  it 
disappears,  and  we  know  not  how  it  gathered  in  its  activity ; 
if  we  leave  a  tank  of  water  uncoven?d  to  the  sun  and  wind, 
it  gradually  disappears,  and  is  replenished  by  many  showers 
<rf  summer,  still  it  departs  and  is  replenished  by  snows  of 
winter.  Under  certain  extreme  conditions  it  may  never  be 
^qH,  it  may  never  be  exhausted,  the  rii^ing  vapor  may  equal 
ti»e  falling  liquid,  as  where  *'  the  rivers  flow  into  the  sea,  yet 
theseaisnotfolL" 

v3.  The  SiHirce  of  Showers. — Physical  laws  whose 
origin  we  cannot  comprehend  but  whose  steady  effects  wo 
observe,  lift  from  the  saline  ocean,  the  fouled  river,  the  moist 
^^rth,  a  stream  of  vapor  broad  as  the  circuit  of  the  globe, 
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but  their  solid  impurities  remain,  and  the  flow  goes  up  wii 
etlieival  clearness. 

From  hence  are  the  sources  of  water  supply  replenished. 
From  hence  comes  the  showers  upon  the  face  of  the  earth. 

24.  General  lisiiiifalL — But  there  is  irregularity  in 
the  physical  featurt^s  uf  tlie  earth,  and  unevenness  in  the 
temperature  about  it,  and  the  showers  are  not  called  down 
alike  ui>on  all  its  surface.  Upon  the  temperate  zone  in 
America  enough  water  falls  in  the  form  of  rain  and  snow 
to  cover  the  surface  of  tlie  ground  to  an  average  depth  of 
about  40  inches,  in  the  frigid  zone  a  lesser  quantity,  and  in 
the  torrid  zone  full  90  iuclies,  and  in  certain  localities  to 
depths  of  100  and  160,  and  at  times  to  even  200  inches. 

We  recognize  in  the  rain  an  ultimate  source  of  water 
supply,  but  tlie  immediate  soui*ces  of  local  domestic  water 
supply  avQ,  shallow  or  deep  wellSy  springs,  lakes,  and  rivers. 
The  amplitude  of  their  supply  is  dependent  upon  the  availr 
able  amount  qf  i?ie  rahifaU  that  replenishes  them.  In 
cases  of  lai^e  rivers,  and  lakes  like  the  American  inland 
sea.s,  there  can  be  no  question  as  to  their  answering  all 
demands,  as  respects  quantity,  tliat  can  be  made  uptin  them, 
but  often  upon  watersheds  of  limited  extent,  margins  of 
doubt  demand  special  investigations  of  their  volumes  of 
rainfall,  and  the  portions  of  them  that  can  be  utilized. 

25.  Iteview  of  Kaiiilsill  Statistics. — Looking  bmadly 
over  some  of  the  principal  river  valleys  of  the  United  States 
we  find  their  average  annual  rainfalls  to  be  approxi- 
mately as  follows:  Penobscot,  45  inches  ;  Merrimack,  43; 
Connecticut,  44 ;  Hudson,  39  ;  Susquehanna,  37 ;  Koaaoke, 
40;  Savannah,  48;  Appalachicola,  48;  Mobile,  60;  Mis- 
sissippi, 46  ;  Rio  Grande,  19  ;  Arizonian  Colorado,  12  ;  Sac- 
ramento, 28  ;  and  Columbia,  33  inches ;  but  the  amount 
of  rainfall  at  the  various  i)oints  from  source  to  moutli  of 
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Is  by  no  means  uniform  ;  as,  for  instance,  npon 
Sasquelianmi  it  ranges  from  d6  to  44  incbesi;  on  the 
^o  Gniude,  fruin  8  to  37  inches;  and  on  Uie  Columbia, 
Htroni  12  to  80  inches. 

H  tiO.  Climatic*  EflVH?t».—Tlie  North  AmericAn  Continejit 
^bnaent^  in  consequence  of  its  varied  ft^atnn'd  and  reacli 
^^rnn  near  extrfm<^  tcjrrid  to  extreme  polar  n-gioos,  almi>4 
all  the  6|)ecial  raiufall  cliaracterist1e«  to  be  found  upon  ih(^ 
face  of  the  globe ;  an<l  even  the  United  States  of  America 
includes  within  its  limits  the  most  varied  classes  of  climato- 
logical  and  m(?leorologieal  effwt^i,  in  consequence  of  it8  ran^* 

I  of  elevation,  from  the  Florida  Keys  to  the  Rocky  Mountain 
BumrailSs  and  its  range  of  huniiflity  from  the  sage-bu^h 
plains  between  the  Sierras  and  Wahsatch  Mountains  and 
the  moist  atmosphere  of  the  lower  Mississippi  valley,  and 
fn>m  the  rainless  Yuma  and  Gila  deserts  of  soathem  Cali- 
fornia to  the  rainy  slojx'^s  of  north-w(»stem  California  and  of 
Oregon,  where  almost  daily  showers  maintain  eternal  verdure, 
21*  ScrtionN  of  Maixhuum  Kainfiill.— 'Hie  maxi- 
mum recorded  rainfall,  an  annual  mean  of  86  inches,  occurs 
in  the  region  boi-dering  upon  the  mouth  of  the  Columbia 
lUver  and  Puget  Sf^und.  A  narrow  belt  of  excessive  hu- 
midity extends  along  the  Pacitic  coast  from  Vancouver's 
Island  southerly  jja^t  the  bord«.*rs  of  VVasliington  Territory, 
OfHgon  and  Califoruia.  to  latitude  40°. 

Next  in  order  of  humidity  is  the  region  bordering  uix>n 
the  Delta  of  the  Mississippi  River  and  the  embouchure  of 
the  Mobile,  whose  annual  moan  of  rain  reaches  64  inches. 

Next  in  order  is  a  section  in  the  heart  of  Florida  of 
about  one-half  the  breadth  of  the  State,  whose  mean  annual 
fain  reaches  60  inches. 

28.  Western  Il4iin  System. — ^Tlie  gn^at  northerly 
t>cean  current  of  the  Pacific  moves  up  past  the  coast  of 
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Cliina  and  the  Aleutian  Islands  and  impinges  upon  the 
Nortli  American  shore,  then  sweeps  down  along  the  coast 
of  Washington  Territory,  Oregon  and  Calilbmia ;  and  from 
its  saturated  atmosphere,  flowing  up  their  bold  western 
8loi>e8,  is  drawn  the  excessive  aqueous  precipitations  tiiat 
water  these  regions. 

Their  moist  ^inds  temper  the  climate  and  their  condensed 
vapoi-s  irrigate  tlu^  land,  ho  that  the  southerly  portion  of  tlie 
favored  region  referred  to  is  often  termed  tJie  garden  of 
America. 

Fig.  2  is  a  yirofile,  showing  a  general  contour  across  the 
North  American  Continent,  along  the  tliirty-ninth  parallel 
of  latitude. 

Fio.  3. 
E 


k/        ^ 

^v_..^x^ 

^      U    r 

< 

A.  PkctficOmn. 

B.  Coast  Rasffc. 

C.  Slem  Nerada. 

T&0                   X         iea 
zeoo   miles. 

«.  Sacramento  City 

> 

EuvATKur, 
....        tm 

r.  Salt  Lake  RexioQ... 
ti.  Colorado  River 

"   4.38* 

K.  Rocky  Mounlalna. 
P.  Mi«»i«wpp(  River. 

H.  Blue  Rldee. 
I.  AiUnilc  Ocam. 

r.  Coloffulo  City 

y.St.  Loula 

f.  Cincinnati ... 

A,  WtiUbjogmn    

...     6,MO 

sfr. 

TO 

The  California  coast  range  and  the  western  slope  of  the 
Sierra  Nevadas  are  the  condensers  that  gather  from  the 
prevailing  westerly  ocean  breezes  their  moisture.  From 
thence  the  winds  pass  easterly  over  thi>  Sierra  snmniit 
almost  entirely  deprived  of  moisture,  and  yield  but  rarely 
any  rain  upon  the  broad  interior  basin  stretching  between 
tlie  bases  of  the  Sierra  and  Wahsatch  Mountains.    U|K)n  the 
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and  plains  of  this  region,  fttove  the  Gulf  of  California, 
whose  average  annual  rainfall  n»aches  scarce  4  inches,  the 
winds  roll  down  like  u  tliii-sty  sponge. 

Further  to  the  east,  the  western  slopes  of  the  Wahsatch 

and  Rocky  Mountains  lift  up  and  condense  again  the  west- 

m  winds,  and  gather  in  their  storms  of  rain  and  snow. 

n  the  lesser  vaHey  between   these  mountains,   12  to  20 

inches  of  rain  falls  annually,  and  the  tributaries  of  the 

Colorado  River  gathers  its  scanty  surplus  of  waters  and 

leads  them  fix)m  thence  around  the  southerly  end  of  the 

IVahsateh  Mountains  pa^t  tlie  Yuma  Desert  to  the  Gulf. 

Orerthe  summit  of  tlie  Rocky  Mountains  onward  moves 

e  westerly  wind,  again  deprivinl  of  its  vapor,  and  down  it 

rolls  with  thirsty  swoop  upon  tlie  Great  American  Desert, 

skirting  the  eastern  base  of  the  mountains.    Farther  on,  it 

is  again  char^red  with  moisture  by  the  saturated  wind-eddy 

from  tlie  Caribb^'an  Sea  and  Gulf  of  Mexico. 

The  great  Pacific  currents  of  water  and  wind,  and  the 
extended  ridges  and  furrows  of  the  westerly  half  of  our 
Continent  lend  their  combined  influence,  in  a  marked  nuin- 
ner,  to  develop  its  8j)ecia]  local  and  its  peculiar  general 
climatic  and  meteon^logical  systf^ms. 

*^9.  C<?ntrsil  Kalii  Syst^Miu— A  second  system  of  anti- 
tnule  winds  l>ears  the  saturat<»d  atmosphere  of  the  Gulf  of 
Mexico  up  along  the  gn»at  plain  of  the  Missis8ipj>i,  Its 
moisture  is  precipitated  in  givatest  abundance  about  the 
delta,  and  more  sparingly  in  the  more  elevated  valleys  of 
the  Red  and  Arkansas  rivers  upon  the  left,  and  the  Tennes* 
see  and  Ohio  rivers  ni>on  the  right.  Its  influence  is  per- 
fplilihle  along  tbe  plain  fnim  the  Gulf  to  the  soutlieni  bor- 
tlerof  Lake  Michigan,  and  east^n-ly  along  the  lower  lakes 
and  acr'>6S  New  England,  where  tlie  chills  of  the  Arctic 
polar  current  sweeping  tlirough  the  Gulf  of  St.  Lawrc^nce 
4 
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and  down  the  Nova  Scotia  coast  into  Massachusetts  Bay, 
throws  down  abundantly  its  remaining  moisture. 

30.  Eastern  Coast  System.  — A  third  system  en- 
velops Florida,  Georgia,  and  the  eastern  Caroliuas,  espe- 
cially in  summer,  with  an  abundance  of  rain. 

A  fourth  subordinate  system  shows  the  contending 
thermic  and  electric  influences  of  the  warm  and  moist 
atmosphere  from  the  Gulf  Stream,  flowing  northerly  j>aaU 
and  of  the  cooler  atmosphere  from  the  polar  current  flowing 
southerly  up<:>n  the  New  England  coast,  where  an  abundant 
rain  is  distributed  more  evenly  throughout  the  seasons  than 
elsewhere  upon  the  Continent. 

31.  Influence  of  Elevation  upon  Precipitation.— 

The  inttaencp  of  elevation  above  the  sea-level  is  far  less 
active  in  producing  excessive  rain  upon  our  mountain 
ranges  and  high  river  sources  than  upon  other  continents 
and  some  of  the  mountainous  islands,  being  quite  subordi- 
nate to  general  wind  currents. 

Upon  the  mountainous  island  of  Guadaloupe,  in  latitude 
16°,  for  instance,  a  minlall  of  292  inches  per  annum  at  an 
elevation  of  45<X)  feet  is  recorded. 

Upon  the  Western  Ghants  of  Bombay,  at  an  elevation 
of  4,500  feet,  an  average  rainfall  for  fifteen  years  is  given  as 
254.  inches. 

On  the  southerly  slope  of  the  Himalayas,  northerly  of 
the  Bay  of  Bengal,  at  an  elevation  of  4,600  feet,  the  rainfall 
of  1851  was  610  inches.  These  localities  all  face  prevailing 
saturated  wind  ciurents. 

:$ti.  River-basin  Rains, —  A  study  of  some  of  our 
principal  river  valleys  independently,  reveals  the  fact  that 
their  rainfall  gradually  decreases  from  their  outlets  to  theii 
more  elevated  sources. 
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In  illustration  of  this  foct,  we  present  the  following  river- 
Talley  statistics  relating  to  the  principal  basins  along  the 
Atlantic,  Gulf,  and  Pacific  coasts. 

TABLE    No.    6. 

Meax  Rainfall  Along  River  Courses,  showing  the  Decrease 
IN  Precipitation  of  Rain  and  Melted  Snow  from  the 
River  Mouths,  upward. 


ST.    JOHN'S    RIVER. 


I 
KAMt  or  Station.      StniMn.'WiirTKiL 


^  Johns  . 
FonKent. 


fmcAft, 

lO 
12 


/mckt*. 
lO 


Ykak.  Dutancx  fboh  Mouth.' 


ImtJUs.     MiUt  (appr«xiwtmit). 


5 )  ^*^'"J^  frp"  Average  rain, 
33of 


the  Atlantic 
OcauL 


43  inches. 


Newbnryport. 
Uwrence . . . . 
Mascbester  . . 
Concord 


MERRIMACK    RIVER. 


13 

13 

41 

19 

II 

45 

II 

II 

45 

II 

9 

41 

Dbtancesfrpm  Average  rain. 
the  Atlantic         .- iT-u*- 
Ocean.  43  mches. 


Saybrook  . . . . 
Middlctown., 

Hartford 

Hanover 

St.  Johnsbury 


CONNECTICUT    RIVER. 


13 

?3 

49 

4l 

13 

13 

46 

45 

lO 

II 

44 

40 

II 

9 

40 

180 

II 

8 

36 

235  J 

DtotuKes  froin 

Long  Island 

Sound. 


Average  rain, 
44  inches. 


New  York  City. 
Poughkeepsie . . 

Hudson 

Albany 


HUDSON    RIVER. 


13 

10 

44 

13 

9 

40 

10 

7 

35 

9 

8 

36 

8"!  I 

75  I  DlitancesArom;  Ave  rage  rain, 
-"  V    the  Atlantic        ^rtiTrh*. 
^'5  I        Ocean.  39  ^ncn-^*- 

145  J  1 


Havre  de  Grace 

Harrisburg 

*"i»burg 

Wflliangport . . . 

2*««o 

umira 


SUSQUEHANNA    RIVER. 


13 

10 

44 

'  5l 

12 

8 

49 

70 

11 

8 

39 

120 

10 

7 

39 

140 

8 

6 

34 

200 

7 

4 

36 

200J 

Distances  from  Average  rain, 
■    Choapeake        „  i„rhM 


37  inches. 
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Meax  Rainfall  Along  River  Courses — (Continued). 


MISSISSIPPI     RIVER. 


Nams  of  Statioii. 


Delta...- 

New  Orleans 

Baton  Rouge 

June,  of  Red  Kiver 

Vicksburg  

Memphis 

Cairo 

St.  Louis 

Dubuque  

Lacrosse 

Si.  Paul's 

Brownsville 

lunc.  Pecos  River 

tl  Pasn 

Albuquerque 

Astoria 

W.iUa-W.ilIa 

Boise  Citv  ....... 

Fort  Hall 


StmMKR, 


30 
20 
18 
14 
tl 
& 
XI 
13 
14 
IT 
It 


WWTWU 


18 
16 

15 
[6 

'5 
15 

12 

8 
5 
3 

3 


60 
60 
60 
56 
55 
43 
42 
43 
38 

30 
25 


DtSTAMCS  PROM  MoUTH. 


10' 

95 
190 
340 

350 
560 
700 
850 
1100 

T20O 
1500. 


DisUocc^  from 

the  Gulf  of 

Mexico. 


Average  rain. 
46  inches. 


RIO    GRANDE. 


8 

6 

37 

5 

3 

]8 

4 

2 

12 

3 

3 

8 

30) 

400  I  ^*^"S"*™"  Average  rain, 
800  (-     '*»,S?.^<'^   I     19  inches. 


1050  J 

COLUMBIA     RIVER 
36  5 


44 
5 

7 
6 


275 
600 

850J 


Mexko. 


Distances  from 

(he 
Padfit:  Ocesn. 


Average  rain, 
33  inches. 


Reference  to  tlie  above,  from  among  the  principal  river 
valleys,  is  sufficient  to  show  that  the  oft-made  statement, 
that  "rain  falls  most  abundantly  on  the  liigh  land,"  is 
applicable,  in  the  United  States,  to  subordinate  watersheds 
only,  and  in  rare  instances. 

33.  Oroiippd  Rainfall  Statistics.— The  following 
table  gives  the  minimum,  maximum,  and  mean  rainfalls, 
according  to  the  most  extended  series  of  observations,  at 
various  stations  in  the  ITnited  States.  They  are  grouped  by 
territorial  divisions,  having  unifornnty  of  meteorological 
characteristics. 
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TABLE     No.     7. 

Rainfall  in  the  United  States. 

GROUP  1.— Atlantic  Sea-coast  tram  Portland  to  ^VaaUngton. 


Statiok. 


Cirdiner,  Me. 

Bninswicit  " 

Worcester,   Mus 

Cambridge,     **     

Boston,  "     

-VewBedford  "     

Prondeoce,  R.  I 

Fhtbudi,  N.  y 

FortHtmaton,     "    

fort  Columbus,    "    

XewYorkCity,    "    

WestiW  "      

-Vewirk,        N.J 

UmbertnUe,     **  

i^WUdelphit,  Peon 

Biltiniorc,        Md 

Port  McHeary,  **  

WuhingtoQ,  D.  C 


Lat. 


Long. 


43  M 
4a  to 
4a  »3 

4*  93 

4<  39 
41  50 

40  36 
40  4« 
4043 
4«  M 
4045 
40  23 
39  57 
39  16 
t6 
54 


? 


«9  4«' 

«9  57 
7»  49 
71  o; 
71  04 

70  56 

71  »3 
74  o" 
74  «w 
74  01 
74  00 

73  57 

74  >o 
74  50 

70  37 
7«  34 
77  03 


HucHT  Ykasi      Mix.        Max.       Msam 

,  Asovs        or     'AxKt'Ax.  AsotvAL  Amkval 

Ska.    Rbcokd,   Raw.      Raim.   i   Rain. 


tm*tM. 

/m:Jk4W. 

ImcJkM. 

76 

•7 

S 

?H 

5"-47 

469* 

7» 

3" 

3oa»4 

59-34 

46.39 

i« 

•7.» 

6t.7« 
58.J4 

44-99 

90 

54 

jp.6i 

41.4s 

ISO 

P 

30.5" 

54-I7 

41-54 

54 

3>.i4 

&^ 

43-5» 

•5 

>9 

■9-75 

4a-55 

»3 

•4 

»7-57 

^■v 

4>«4 

SO 

31 

34-79 

61.87 

43.00 

167 

•0 

35^ 

63.56 

47.65 

35 

»3 

34-54 

57-05 

44^ 

t 

>7 

3-.33 

57-37 

•  43-99 

ti 

•9-57 

6»-94 
6».04 

44-os 
4a-33 

36 

3 

51.50 

4t.io 

I  to 

»3^ 

53^5 

37-5» 

43-44 


GROUP  2.— Atlantic  Sea-coast,  Virginia  to  Florida. 


Fortras  Monroe,  Va. . 

Chtrlestott,    S.  C 

FortMouUrie,  "    

Savtnaih,  G*. 

Fort  Brooke,  Fla. 


37-00'  76° t8' 

3a  47  79  56 

3»  40  79  5< 

3*  05  81 
98  00 


81  05 
8s  s8 


'9 


»9-3»     !     74-<o         47.04 
«3.6q  56.16         43.63 

«7  33-98     I     65.31  45.51 

«3       .     »5-9* 

"7       I     35-93 


-J.J.  ^j.j. 

69.03  48.3a 

89.86  53.63 


47.63 


CROUP  8.— Hudson  River  Valleyf  Vermont,  Northern  and  Western 

New    York. 


N'ewburgh,  N.  T 

PouRhktepsie,  **  . 

KinptoD,  •*  , 

Hndion,  "  . 

Kinderhook.  "  . 

Albtoy  ** 

^'"ffvliet  Arsenal,  **  . 

Hiaom,  N.  H 

Burliosfton,  Vl 


FLrteld, 
Cliotoo, 

UlK., 

LowYine, 

*f»renieur 

Potidiai. 

l:;Ueoo?ia, 

Oxford, 

AQDUni 

Ithaca, 


N.  Y, 


^cnn  van, 

KOCbestCT, 

Middlebttry. 
Fredcmk, 


4i''3<' 

4<  41 
41  55 

4»  »3 

4s  aa 

4a  39 
4»43 
4a  47 
43  »o 

43  4a 

44  39 
43  05 
43  00 
4307 

43  46 

44  as 
44  40 
4a  55 
43  as 
43  56 
4*  55 
4a  37 
4a  53 
43  4a 
4308 
4a  49 
4a  36 


74  05' 

73  55 

74  o» 
73  46 
73  43 
73  44 
73  43 
73  40 
73  n 

J9    17 

73  " 

74  55 

75  ao 
75  »3 
75  3a 
75  35 
75  01 

75  46 

76  £W 
76  98 

76  37 

77  <^ 

77  " 

78  10 

79  a4 


150 


.-.. 

M 

188 

19 

150 

>5 

"5 

;: 

»30 

SO 

17 

30 

90 

950 

>5 

530 

*9 

X 

«7 
«7 

1137 

«9 

473 

99 

847 

93 

400 

a4 

.SJ 

90 

961 

ao 

's: 

16 
93 

4»7 

>9 

567 

>9 

740 

30 

c 

35 

'7 

710 

16 

95.04 

55.63 

31.93 
97,50 

50^97 
44.93 

3i'6i 

"5-45 

55^98 

49-44 

•7-54 

56:69 

15.73 

50.75 

93.31 

4s'oe 

a4-97 

44.90 
43.03 

36.61 
40.36 
35.10 

36.48 
40.5a 
34.65 

33J> 

31 -sa 
40.33 

S45 
4<-49 
41.14 
33-SO 
30.15 
38.63 

36.36 
30.75 
34.4a 
34.7' 
30.87 
3849 
3a.s6 
30.44 
36.55 

34-99 
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Rainfall  in  the  United  States — (Continutd), 

GROUP  -4.— Upper    Mieaieaippi,    part   of   Iowa,    Minneaota,    and 
^'iBOonsin. 


Station. 


Fort  Ripley.  Minn 
Kort  Sneltinc.  " 
Dubuguv,  lowm..  . 
MUwaukcY,  Wis.... 
Muscatine,  Iowa.. 
Fort  Midjsoa,  " 


46"  19' 

-M  53 
4»  JO 
43  "3 
41  » 

¥>  37 


94  ly 
93  »*» 

fa  40 
7  55 
91  05 
91   90 


H  BIGHT 

ABUVB 

Ska. 


113a 


666 
600 


Ykari. 

OF 

RacfMU} 


MiN. 

Max. 

>1eah 

Annual 

AXMI-Al. 

A.%M  AL 

Rain. 

Raix. 

Raix. 

fmckst. 

Imckn. 

I3.a6 

36- 14 

35.11 

15.07 

49.69 

.V8t 

•S.07 

*'-22 

3i-4» 

Z^ 

44.86 

74*» 

^ 

■7*S4 

S4*U 

4>^ 

K^*? 

CROUP  B.— Ohio  River  Valley,  Western   Pennaylvanla  to   Eaatern 

Mieaouri. 

AtlcybanT  Arsenil,  Peao 40  3^' 


SlcuD«nviUe,  Ohiu 4025 

Marietta.  "     39*5 

Cindonatl.         **    •  39^ 

Portstuuuth,       "     .; I  3ft  49 

AlheiMj   111 .*...!  9053 

St  Louu  Arsent],  Mo jB  40 

Sl  Louis,  '*  ........I  38  37 

Joffenuo  Bairacks,  "  I  38  «■ 


80'ax' 

7<M 

•3 

35.63 

??:S 

80  41 

dto 

3 

Ci  >9 

360 

3«^6 

l|:S 

B4es 

5!f 

3" 

»5-«9 

69  S3 
B9^ 

46B 

fl« 

as.50 

56.79 

Boo 

t6 

»5." 

48.17 

90  10 

90  16 

% 

S 

■4-ofi 
a7.«> 

7»-M 

9015 

47» 

aa 

09.16 

5y»3 

3s.n 

4'-4» 
43.70 
44-87 
3B.n 
39-*« 
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GROUP  e.^Indian  Terriiory  and  Weaxem  Arkanaaa 

SJ3 


Fort  Gibson,  Ind.  Tcr.. 

Kurt  Smith,  .\rli 

Fori  WiuhitA,  lod.  Ter. 


3548' 
35  '3 

34  M 


5*0 


18.64 

fl4-M 
ai.Bi 


558« 

61.03 
64.19 


JB^S 


GROUP  7.— Lower  Miaaiaaippi  and  Red  Rivera;    part  of  Kentucky, 


SpnngdaJc,  Ken.. 
Wa»hin^nn.  .\rk. 
Vicksburg.  Mho.. 
Natchez, 


38-07' 
33  44 
*■  »3 

3>  34 


8s  m' 
93  41 
90  56 
01  as 


s: 


30.91 

4».40 
37«" 
31.09 


67.10 
70.40 
60.38 

7«.73 


CROUP  8.— Miaaiaaippi  Delta* ond  Coaat  of  Miaaiaaippi  and  Alabama, 


New  Orlcani,  La 

Ml.  Venwjti  Araenal,  Ala.  .. 
Baton  Rouge,  La. 


•v's/ 

tt 

«o 

•3 

41.99 

jSis? 

31  l« 

aoo 

15 

51*49 

30*6 

91  18 

41 

>5 

41<34 

sttf^o 

»•« 


GROUP  9.— PaoiiiO  Coaat,   Bay  of  San  Frmneiaco  to  Alaaka. 


San  Pranckco,  Cal 

Saoasiento,        " 
Kort  VancoDver,  W.  Ter. 
Vx^n  SutUcoom,        " 
SHlta,  Alaaka. 


45  «o 

47  10 

sy  03 


»»'»6' 

in  30 
i»  z% 
13s  i» 


'E 

joo 


1I.T3 
IMS 
15.91 

5b!« 


36.03 

•7-4« 

70.ai 
»5-«i 


4>-49 
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34.  Monthly  Fluctuatlous  iii  Riiinfsill. — Our  gener- 
alizations thus  fai"  have  referred  to  the  mean  annual  rainfall 
over  large  sections.  There  is  a  hirgt^  mng<!  of  tluctuation  in 
the  average  amount  of  precipitation  through  tlie  different 
seasons  of  the  year,  in  different  sections  of  the  United 
States.  It  will  be  of  interest  to  follow  out  this  phase  of  the 
question  in  diagrams  3  and  4,  in  which  type  curves  °  of 
monthly  means  are  d^a^vD  about  a  line  of  annual  mean 
covering  a  series  of  years,  in  no  case  less  tliaii  fifteen. 

The  lett*?r8  J,  P,  M.  &c.,  at  tlie  heads  of  the  diagrams, 
are  the  initials  of  tlie  months.  The  heavy  horizontal  lines 
represent  means  for  the  year,  which  ai'e  taken  as  unity. 
Their  true  values  may  be  found  at  the  foot  of  their  respect- 
ive groups  in  tlie  above  table.  About  this  line  of  annual 
m*'an  is  drawn  by  free-hand  the  typ^  cur\'e  of  moan  rain- 
fall through  the  successive  months,  showing  for  each  month 
its  percentage  of  the  annual  mean. 

Each  type  curve  relates  to  a  section  of  country  having 
uniform  chai-acteristics  in  its  annual  distribution  of  rain. 

Curve  No.  1,  for  Group  No.  1,  includes  tlie  section  of 
countr)'  bordering  upon  the  Atlantic  si-a-coast  from  Poit- 
land  to  Wasliington.  The  average  fluctuation  of  the  year 
in  this  section  is  forty  per  cent.  Its  maximum  rainfall 
occurs  oftenest  in  August,  and  its  minimum  oftenest  in 
January  or  February. 

Carre  No.  2,  for  Group  No,  2,  includes  the  Atlantic 
coast  border  from  Vii-ginia  to  Florida.  The  average  fluc- 
tuation of  the  year  is  one  hundred  and  ninety-eight  per 
cent.  Its  maximum  rainfall  occurs  oftenest  about  the  first 
of  August,  and  nearly  equal  minima  in  April  and  October. 


•  K*HJuced  frura  a  diafjmni  by  Chan.  Schott.  C.  K.,  Smithfwininn  Contrilm 
tion.  Vol.  XVTII*  p.  IB.  The  tJi1>lc8  of  American  rHinfall  amiiiped  by  Mr. 
Schott,  and  published  In  the  eamc  volume,  are  eioeedlogly  valuable. 
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Curve  No,  '3,  for  Group  No.  3,  includes  the  upper  Ilud- 
son  RiviT  valley,  and  northern  and  western  New  Yitrk. 
The  aveuige.  fluctuation  of  the  year  is  sixty-six  per  ceiil. 
Its  maximum  raiolall  occurs  oftenest  near  the  first  of  July 
and  its  minimum  oftenest  about  the  first  of  February, 

Curve  No.  ^,  for  Cfroup  No.  4»  inclndes-a  jwirt  of  Iowa, 
central  Minnesota,  and  pail  of  Wisconsin,  in  the  upper 
Mississippi  vaUey.  The  average  fluctuation  of  the  year  is 
one  hundred  and  nine  per  cent.  Its  maximum  rainfall 
occurs  oftenest  in  the  latter  part  of  June  and  its  mininuim 
oftenest  about  the  first  of  February, 

OuT€e  No.  J,  for  Groujj  No.  6,  includes  the  Ohio  River 
valley,  from  western  Pennsylvania  to  eastern  Missouri. 
The  avi»rage  fluctuation  of  tlie  year  is  seventy-three  i>er 
cent.  Its  maximum  rainfall  occurs  oftenest  about  the  first 
of  June  and  its  minimum  oftenest  in  the  latter  part  of 
January. 

Citrve  No.  tf,  for  Group  No.  6,  includes  the  Indian  Ter- 
ritory and  Western  Arkansas.  The  average  fluctuation  of 
the  ywar  is  ninety-one  per  cent.  Its  maximum  rainfall 
occurs  oftenest  about  the  first  of  May  and  its  minimum 
oftenest  at  the  oi>ening  of  the  year. 

Curve  No,  8,  for  Group  No.  8,  includes  the  Mississippi 
Delta  and  Gulf  coast  of  Alabama  and  Mississippi.  The 
average  fluctuation  of  the  year  is  seventy -five  per  cent.  Its 
maximum  rainfall  occurs  oftenest  in  the  latter  part  of  July 
and  its  minimum  oftenest  earlv  in  October. 

A  similar  type  curve  for  Group  No.  9,  the  region  border- 
ing upon  the  Pacific  coast  from  the  Bay  of  San  Francisco 
to  Puget's  Sound,  would  show  an  average  annual  fluctua- 
tion tiirough  the  seasons  of  two  hundred  and  thirty-two 
per  cent.  The  fluctuations  here  liave  nothing  in  common 
with  the  Mississippi  and  Atlantic  types.    The  maximum 
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ininfall  here  occurs  oftenest  in  December  and  the  minimtim 
oftenest  in  July. 

35.  Secular  Fhu'tuatioiiH  in  RaiuML— Diagram  5 

illastratos  the  secular  fluctuations  in  the  luiufall  througli  a 
long  series  of  years  in  the  Atlantic  syst^^m  and  in  the  central 
Mississippi  system.  It  presents  the  successions  of  wet  and 
dry  periods  as  they  vibrate  back  and  forth  about  the  mean 
of  the  whole  jjeriod. 

The  extreme  fluctnation  is  in  the  first  case  twenty-eight 
per  cent.,  and  in  the  second  case  thirty  per  cent 

30.  Local,  Physical,  and  Meteorolo^cal  Influ- 
oiices. — The  above  statistics  give  suffioii'ut  data  ft>r  deter- 
mining approximately  the  general  average  rainfall  in  any 
one  of  tile  principal  river-basins  of  the  States. 

Th^re  are  local  influences  operating  in  most  of  the  main 
pliysical  divisions,  analogous  to  those  governing  rainfall  in 
the  grand  atmospheric  systems. 

Referring  to  any  local  watershed,  and  the  detaihxl  study 
of  such  is  oftenest  that  of  a  limited  gathering  ground  tribu- 
tary t^)  some  river,  we  have  to  note  especially  the  mean 
temperature  and  capacity  of  the  atmosphere  to  bear  vapor, 
the  source  from  which  the  chief  saturation  of  the  atmos- 
phere is  derived,  the  prevailing  winds  at  the  different  sea- 
sons, whether  in  hannony  with  or  opposition  to  the  direction 
of  this  source,  and  if  any  high  lands  that  will  act  as  con- 
densers of  the  moisture  lie  in  its  patli  and  iilch  its  vapors, 
or  if  guiding  ridges  converge  the  summer  showers  in  more 
than  due  pn)portion  in  a  favored  valley.  A  careful  study 
of  the  local,  physical,  and  meteorological  influences  will 
usiniUy  indicate  quite  unmistakably  if  the  mean  rainfall  of 
a  subordinate  watershed  is  greater  or  less  than  that  of  the 
main  basin  to  which  its  streams  are  tributary.  There  is 
randy  a  sudden  change  of  mean  precipitation,  except  at  the 
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cR6t  of  an  elevated  ridge  or  the  brink  of  a  deep  and  narrcnr 

ravine, 

37.  Lnllbrm   Etfects  of  Natural   Laws.  — When 

stadies  of  local  rainlalls  are  confined  to  mean  results, 
neglixrting  the  occaaioiial  widi>  de|>artures  from  the  inflnence 
of  the  general  coutrolliug  atmospheric  laws,  the  actions  of 
nature  s«.*ni  pnrcist?  and  regular  in  their  successions,  and  in 
fact  vro  find  that  the  go\'erning  forces  liold  n^sultis  with  a 
tlnn  bearing  close  upon  their  appointed  line. 

But  occasionally  tliey  break  out  from  their  accustomed 
course  aa  with  a  convulsive  leap,  and  a  stnmi  rages  as 
though  the  windows  of  lienven  had  burst,  and  rti>ods  s\\-eep 
down  the  water-courses,  almost  irresistible  in  tlioir  fury. 
If  hj'draulic  constructions  are  not  built  as  firm  as  the  ever- 
kstini:  hills,  their  ruins  will  on  such  occasions  be  bomo 
alonj^on  the  flfMxl  tnwan.1  the  CH'ean. 

38.  Great  Kiiln  St«miH.— In  October,  1869,  a  great 
storm  moved  ujj  along  the  Atlantic  coast  from  Virginia  to 
New  York,  and  passed  through  the  heart  of  New  England, 
with  disastrous  effect  al<mg  nearly  its  whole  course.  Its 
rainfall  at  many  points  along  its  centra!  path  was  from 
fight  to  nine  Inches,  and  its  duration  in  New  England  was 
from  forty  to  fifty-nine  hours. 

In  August,  1874,  a  short,  lieavy  storm  passed  over  eastr 
*^ni  Connecticut,  when  there  fell  at  New  London  and  at 
Nonrich  twelve  inches**  of  rain  witliin  forty -eight  hours, 
inches  of  which  fell  in  four  hours.  Such  storms  are 
npon  the  Atlantic  coast  and  in  the  Middle  and  West- 
States. 

, Short  storms  of  equal  force,  lasting  one  or  two  hours, 
more  common,  and  the  tiood  effects  Irom  them,  on  hilly 


•  Prom  data  nopplied  by  H.  B.  WinBhip,  Rapt,  of  Norwich  Water- works. 
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watersheds,  not  exc<M?ding  one  or  two  square  miles  area, 
may  be  eciually  disaatrous,  and  waterspouts  sometimes 
biu-st  in  tlio  valleys  and  flood  their  streams. 

39.  dlaxbuuiu  Hatios  of  Fhiods  to  R^iiiifullK.— 
'\\Tien  the  sorface  of  a  small  watershed  is  genemlly  rocky, 
or  impervious,  or,  for  instance,  when  the  ground  is  fn)zen 
and  uncovered  by  snow,  the  maximum  i-ate  of  volume  of 
How  tliTOUgh  the  outlet  channel  may  reach  two-thirds  of  the 
average  rate  of  volume  of  rain  falling  upon  the  gathering- 
ground. 

40.  Volume  of  Water  fVoni  given  Rainfalls. — The 
rates  of  volume  of  water  rulliiig  prr  niiiiuto,  for  tlie  rates  of 
rainfall  per  twenty-four  hours,  indicated,  are  given  in  cubic 
feet  per  minute,  per  acre  and  per  square  mile>  in  the  follow- 
ing table : 

TA  B  LE     No.     8. 

Volume  of  Raikfall  per  Minute,  for  given  Inches  per  Twenty- 
four  Hours. 


Rainfall  rtR 

Volume  mk 

VoLi'MB  rma 

Rainfall 

Vol.  IT  MB    fBR 

VoLLMi  nut 

MiNL-rm  OK 

MtNtm  OM 

rsa 

MlVlTK    ON 

MlM'TC  ON 

34   IIOUBS. 

Oki  Acu. 

Okb  So.  Milk. 

•4  Houn. 

Onb  Acu. 

OnbSq.!iIill 

imchta. 

CM,/*tt. 

Cu./rH. 

Imckm, 

Cn.vW/. 

Cm./t^. 

O.I 

.252 

«6i.33 

I 

2.521 

1613.33 

.2 

.504 

322.67 

2 

5-042 

3226.67 

•3 

.756 

4S4.OI 

3 

7.563 

4840.00 

-A 

1.008 

645-33      1 

4 

10.084 

6453.33 

-5 

1.264 

806.67   ! 

5 

12.605 

8066.65 

.6 

«-s>s 

968.00  1 

6 

15.136 

9679.99 

-7 

'•76s 

1122.73 

I 

17.647 

I  "9333 

.8 

2.107 

1290.67 

20.168 

12906.66 

•9 

2.269 

1450.00 

^ 

22.689 

>  45 « 9.99 

1 

10 

25.210 

16133-33 

41,  Onugrhi^  lliiinlall.— A  pluviometer,  Fig.  6,  is  used 
to  measure  the  amount  of  rain  that  falls  from  the  sky.  It  is 
a  deep,  cylindrical,  open-topped  dish  of  brass.    Its  top 
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Fig.  tt. 


tliiiL,  so  it  will  receive  just  the  rain  due  to  the  sec- 

tiooal  area  of  tlie  opea  top. 
K     A  convenieut  size  is  of  two  inches  diameter  at  a,  and  at 
^p  of  sach  diameter  tliat  its  sectional 
■pea  is  exactly  oue-teuth  the  sec- 
Hbonal  area  at  a,  or  a  little  more 

Umn  one-half  inch. 
^     WHien  extreme  accuracy  is  re- 
^quired,  tlie  diameter  at  a  is  made 

ton  inches  and  at  6  a  little  more 

than  three  inches,  still  maintaining 

I  the  mtio  of  sectional  areas  ten  to 
cm^y  the  displacement  of  the  meas- 
nring-rod  lx4ng  allowt^i  for. 
This  rain-gauge  should  "be  set 
vertically  in  a  smooth,  open,  level 
ground,  and  the  grass  ai-ound  be 
kept  smoothly  trimmed  in  summer. 
The  top  of  a  ten-incli  gauge  is  set 
at  about  one  foot  above  the  surface 
"f  the   ground,    and   of   smaller 
clear  of  the  grass  surface. 
The  gauge  should  be  placed  sufficiently  apart  from 
l>nilding8,  fences,  trees,  and  shrubs,  so  that  tlie  volume  of 
'ain  gathered  shall  not  be  augmented  or  reduced  by  wind- 
eddiea 

If  snch  a  situation,  secure  from  interference  by  animals 
Of  by  mischievous  jn^rsons,  is  not  obtainable,  the  gaugt^ 
may  be  set  upon  tlie  flat  roof  of  a  building,  and  the  height 
above  the  ground  note<L 

The  measuring-rod  for  taking  the  depth  of  rain  in  6  is 
pidnated  in  inches  and  tenths  of  inches,  so  that  when  the 
iBctiona  of  a  and  b  are  ten  to  on€y  ten  inches  upon  the  rod 
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corroBponds  with  one  inch  of  actual  rainfall,  and  one  inch 
on  the  rod  to  one-tenth  inch  of  rain,  and  one-tenth  on  the 
rod  to  one-hundredth  of  rain. 

Snow  is  caught  in  a  cylindrical,  vertical-sided  dish,  not 
less  than  ten  inches  diameter,  melted,  and  then  measured  as- 
rain.  Meniomndums  of  depths  of  snow  before  melting, 
with  dates,  are  pn'served  also. 

It  has  been  observed  at  numerous  places,  that  elevated 
pluviometers  indicated  less  niiii  than  those  placed  in  the 
neighboring  ground.  When  tliere  is  wind  during  a  shower, 
the  path  of  the  drops  is  parabolic,  being  much  inclined  in 
the  air  above  and  nearly  vertical  at  the  surface  of  the 
ground,  A  circular  rain-gaugf^,  held  horizontally,  pn-»sent» 
to  inclined  drops  an  elliptic  section,  and  consequently  less, 
effective  area  than  to  vertical  drops. 

The  law  due  to  height  alone  is  not  satisfactorily  estab- 
lished, though  several  formulae  of  correction  have  been 
suggested,  some  of  which  were  veiy  evidently  baaed  uix>n 
erroneous  measures  of  rainfall. 

The  observed  rainfall  at  Greenwich  Observatory,  Eng- 
land, in  the  year  1855,  is  reported,  at  ground  level,  23.8 
inches  depth ;  at  22  feet  higher,  .807  of  tliat  quantity,  and 
at  50  feet  higher,  .42  of  that  quantity. 

The  observed  rainfall  at  the  Yorkshire  Museum,  Eng 
land,  in  the  years  1832,  1833,  and  1834,  is  reporttnl,  for 
yearly  average,  at  ground  level,  21.477  inches ;  at  44  feet 
higher,  .81  as  much,  and  at  213  feet  higher,  .605  as  much. 

Unless  vigilantly  watched  during  storms,  the  gauges  are* 
liu])lo  to  overflow,  when  an  accurate  record  becomes  impoB^ 
sible.  Overflow  cups  are  sometimes  joined  to  rain-gauges^ 
near  their  tops,  to  catch  the  surplus  water  of  great  storms. 


I 


» 


43.  Flood  Voliuue  Inversely  rm  the  Area  of  the 
Basin. — A  rain,  falling  at  tlie  rate  of  one  inch  in  twenty- 
four  hoars,  delivers  upon  each  acre  of  drunage  area  about 
2.5  cubic  feet  of  water  each  minnte. 

II*  upon  one  square  mile  area,  with  &ozen  or  imperviouB 
surface,  there  falls  twelve  inches  of  rain  in  twenty-four 
hours,  and  two-thinlB  of  this  amount  tlijws  off  in  an  i^ual 
leugth  of  time,  then  the  average  rate  of  flow  will  be  215 
cubic  feet  per  second. 

Any  artificial  channel  cut  for  a  stream,  or  any  dam 
built  across  it,  must  have  ample  flood-way,  overfall,  or 
waste-sluice  to  pass  the  flood  at  its  maximum  rate. 

The  rate  of  flood  flow  at  the  outlet  of  a  watershed  is 
usually  much  less  from  a  large  main  basin  tlian  from  its 
tributary  basins,  because  the  ])roportion  of  plains*  8tt)rage 
ponds,  and  pervious  soUs  is  usually  greater  in  large  basins 
than  in  small,  and  the  flood  flow  is  consequently  distrib- 
utctl  through  a  l<mg<T  time. 

In  a  small  tributary  shed  of  steep  slope  the  p*>riod  of 
maximum  flood  flow  may  follow  close  after  the  maximum 
fuiufall ;  but  in  the  main  channel  of  the  main  basin  the 
maximum  flood  eflTect  may  not  follow  for  one,  two,  three,  or 
more  days,  or  until  the  storm  upon  its  upper  valley  has 
eutin'ly  cea9<?d. 

43.  FormulieforFlood  Volumes.— The  recorded  flood 
measurements  of  American  streams  are  few  in  number,  but 
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upon  plotting  such  data  as  is  obtained,  we  find  their  mean 
curve  to  follow  very  closely  tliat  of  the  equation, 


Q  =  200  (M)  J, 


(1) 


in  which  M  is  the  area  of  watershed  in  square  mCes  an<l  Q 
the  volume  of  discharge,  in  cubic  feet  per  second,  from  the 
whole  area. 

Thus  the  decrease  of  flood  with  increase  of  area  is  seen 
to  follow  nearly  the  ratio  of  two  hundred  times  the  sixth 
root  of  the  fifth  power  of  the  area  expressed  in  square 
miles. 

Among  the  Indian  Professional  Papera  we  find  the  fol- 
lowing formula  for  volume,  in  cubic  feet  per  second  : 


Q  =  c  X  27  (M)*. 


(2) 


in  which  c  is  a  co-efficient,  to  which  Colonel  Dickens  has 
[ven  a  mean  value  of  8.25  for  East  Indian  practice. 
Testing  this  formula  by  our  American  curve,  we  find  the 

following  values  of  c  for  given  areas ; 


Are*  imq.mfles...     x. 
Valtieoff 7^ 


9-33 


3-    I   4-       *■ 
laH  xi.Tff  i).46 


S. 
<4JS 


15^ 


ia.a6| 


■o.      3%      «Dw 
«o.ti  13.00  *s-33 


s».    75. 


r 


•«M^ 


Mr.  Dredge  suggests,  also  in  Indian  Professional  Papers, 
the  following  formula : 

Q  =  1300  ^,        .  (8) 

in  which  L  is  the  length  of  the  watershed,  and  M  the  area 
in  square  miles. 

Our  formula,  modified  as  follows,  gives  an  approximate 
flood  volume  per  square  mile,  in  cubic  feet  per  second : 


Q 


200(M)' 
M 


(4) 


TABLE  OF  FLOOD  V0LITHE8. 


67 


\n  which  M  is  the  area  of  the  given  watershed  in  square 
miles. 

44.  Table  of  Flood  Yolumes. — Upon  the  average 
New  England  and  Middle  State  basins,  maximum  floods 
may  be  anticipated  with  rates  of  flow,  as  per  the  foUowing 
table: 

T  A  B  L  E    No.    9. 
Flood  Volumes  from  given  Watershkdb. 


Flood  Discharcb  rBa 

AiiA  or  Watxr- 

SHED. 

Flood  Dischaxcs 
FOR  Wholx  AtBA, 

Sqvaiib  Milk, 

Flood  Discharcb 

FBH  ACRB. 

Sf.Miltt. 

Cm.  Futprr  SrctnJ, 

Cm.  Ftet  ptr  S*c0ntl.    1 

Or.  FfttpfT  MimUt. 

0-5 

112 

225.00 

21.10 

I 

200 

200.00             ! 

18.75 

2 

356 

178.20 

16.75 

3 

500 

166.53 

15-65 

4 

635 

158.75 

14.86 

6 

890. 

148.37 

13-9' 

8 

1 131 

141.42 

13.26 

10 

1362 

136.26 

12.48 

«S 

I9IO 

127-33 

11.94 

20 

2428 

121.40 

11.38 

25 

2924 

117.00 

11.97 

30 

3404 

"3-47 

10.64 

40 

4326 

108.15 

10.14 

50 

5210 

104.16 

9.77 

75 

7304 

97.39 

9-iS 

100 

9^83 

92.83 

8.72 

200 

16542 

82.71 

7.77 

300 

23190 

77-30 

7.26 

400 

29480 

73.70 

6.93 

500 

35500 

71.00 

6.67 

600 

413*0 

68.87 

6.46 

800 

52520 

65.65 

6.16 

1000 

63242 

63.26 

5-94 

1500 

S8680 

59." 

5.5s 

2000 

II27OO 

56.35 

5.29 

3000 

158000 

52.67 

4.94 

4000 

200900 

50.20 

4.72 

5000 

241800 

48.36 

4.54 
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45.  Seasons  of  Floods. —  Great  floods  occur  only 
when  peculiar  combinations  of  circumstances  favor  such 
result. 

A  knowledge  of  the  magnitude  of  the  floods  upon  any 
river,  and  of  their  usual  season,  is  invaluable  to  the  director 
of  constructions  upon  that  stream,  to  enable  liiiii  to  take  such 
precautionary  measures  as  to  be  alwa3^8  prepared  for  them. 
Such  knowledge  is  also  requisite  to  enable  him  to  compute 
the  storage  capacity  required  to  save  and  utilize  such  flood, 
or  to  calculate  the  sectional  area  of  waste  weir  required 
upon  dams  to  safely  pass  tlie  same. 

Long  rivers,  having  their  sources  upon  northern  moun- 
tain slopes,  have  usually  well-known  seasons  of  flood,  de- 
pendent uix)n  the  melting  of  snows ;  but  small  watersheds 
in  many  auctions  of  America  are  subject  to  flood,  alike,  at 
all  seasons. 

•10.  Influence  of  AbHorptiou  and  Evaporation 
upon  Flow. — The  rainfall  upon  the  Atlantic  coast  and 
upon  the  Mississippi  valley  appears  comparatively  uniform 
when  noted  in  its  monthly  classification,  but  the  ability  of 
an}'  one  of  their  watersheds  to  supply,  from  flow  of  stream, 
a  domestic  demand  equal  to  its  mean  flow  is  by  no  means 
as  uniform. 

We  have  seen  that,  according  to  the  statistics  quoted, 
the  consumption  of  water  is  not  as  uniform,  when  noted  by 
monthly  classitication,  as  is  the  monthly  rainfall.  When 
lesser  claaaiflcations  of  rainfall  and  consumption  are  com- 
pared, there  is  scarce  a  trace  of  identity  in  their  plotted 
irregular  profiles. 

Evaporation*  though  comparatively  uniform  in  ita 
monthly  classification,  is  very  irregular  as  observed  in  its 
lesser  periods. 

In  the  spring  and  eariy  summer,  when  vegetation  is  in 
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thriftv  growtL,  the  innumerable  rootlets  of  flowers, 
^  sUrubs,  and  forest^  gather  in  a  large*  proportion  of 
rainfall,  and  pass  it  through  their  arteries  and  back  into 
the  atnioj<]>here  beyond  reach  for  animal  uses. 

47-  F'low  In  Seasons  of  Minimnni  HainfHll.— In 
gathi'riug,  ImsiiiH  liaving  limited  jwudage  or  available 
storage  of  rainfall,  the  flow  from  minimum  annual,  and 
minimam  periodic  raiutall  demands  esi)ecial  study.  Occa- 
sionally the  annual  rainfall  continues  less  than  the  general 
mean  tlirough  cycles  of  three  or  four  years,  as  is  indicated 
in  the  above  diagram  of  curves  of  secular  rainfall.  The 
mean  rain  of  such  cycles  of  low-rainfall  is  occasionally  less 
than  eight-tenths  of  the  general  mean. 

We  have  selected  for  data  upon  this  point  the  rainfall 

records  of  twenty-one  stations,  of  longest  observation  in  the 

United  States,  at  various  points  from  Maine  to  Loiiisiana 

and  from  California  to  Sitka.    The  computation  gives  the 

annual  rainfall  of  the  least  three-year  cycle  at  any  one  of 

these  pouitsas  .67  of  the  general  mean  annual  rain  at  the 

same  point,  and  annual  rainfall  of  the  greatest  tliree-yenr 

Im  cycle  as  .f>7  of  the  general  mean  at  the  same  jx)int.     An 

average  of  all  the&i^  stations  gives  the  three-year  low  cycle 

lainCall  as  .81  of  the  average  mean  annual  rainfall. 

48.  Periodic  ClasHiflcaiion  of  Kainlall  Available 
in  Flow. — Next,  the  rainfall  and  the  portion  of  it  that  can 
l)eTiimle  availa])le,  demands  especial  study  in  it*^  montlily, 
or  leas  periodic  classification.  It  is  desirable  to  know  the 
ratio  of  each  month's  average  fall  to  the  mean  monthly  fall 
for  the  year,  and  the  percentage  of  this  fall  that  is  exempted 
ftotn  absorptions  by  vegetation  and  evaporations  into  tbe 
atmosphere,  and  that  flows  from  springs,  and  in  the  strt^ams, 
since  it  is  ordained  by  Nature  that  tlie  lily  and  tlie  oak 
'rith  their  seed,  shall  first  be  supplied  and  the  atmospheric 
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processes  bo  maintairKHl.  and  the  surplus  miu  be  dedicated 
to  the  animal  civatiou,  as  their  Ufcessitiea  demand  and 
ingenuities  })ennit  them  to  make  available. 

49.  Siih-siirtiiee  Eqiuilizers  of  Flow. — Tlie  inter- 
stici's  of  the  soils  and  the  cievices  of  the  mcks  were  filled 
long  ages  ago,  and  now  regularly  aid  in  equalizing  the  flow 
of  the  springs  and  streams  without,  to  any  considerable 
extent,  affecting  the  total  annual  flow,  yet  their  influence  is 
observable  in  cycles  of  drouglits  wlien  tlie  sub-surface  water 
level  is  drawn  slowlv  down. 

Tlie  substructure  of  each  given  watershed  has  its  indi- 
vidual storage  peculiarities  which  may  incivase  or  diminish 
the  monthly  flow  and  degree  of  regularity  of  flow  of  its 
streams  to  an  important  extent 

If  a  poi-ous  subsoil  of  great  depth  and  storage  capacity 
is  overlaid  with  a  thin  crust  of  soil  tJjrough  which  water 
percolates  slowly,  a  great  flood-rain  may  fall  suddenly  over 
the  nearly  exhausted  sub-reservoir  and  be  run  off  to  the 
rivers  without  replenishing  ajipreciably  the  waning  springs^ 
or  increasing  their  flow  as  would  an  ordinary  slow  rainfall. 

On  tlie  other  hand,  if  ite  surface  soil  is  open  and  absorb- 
ent, it  may  be  able  to  receive  nearly  the  whole  flood  and 
distribute  it  gradually  frc»m  its  s])ring8, 

Tlie  early  si^aling  over  of  the  sul)soil  by  winter  frosts 
before  the  usual  subterranean  storage  has  ae^nunulated 
from  winter  storms,  or  a  shedding  of  the  melting  snows  in 
spring  by  a  like  frost-crust,  may  result  in  a  diminishetl  flow 
of  the  deep  springs  in  the  following  summer. 

Subsoils  that  exhaust  themw^lres  in  ordinary  seafionft 
are  compamtively  valueless  to  sustain  the  flow  in  the  second 
and  third  years  of  cycle  dronghts. 

Steep  and  impervious  earths  yield  no  springs,  but  gather 
their  waters  rapidly  in  the  draining  streams. 
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50.  Flashy  and  Steady  StreaiiiH.— Upon  thi*  Mt^^p 
and  iDcky  wat<^rshed3  of  nortla'm  New  Hampshire,  we  find 
extreme  examples  of  *' flashy  ■'  streams  that  are  furious  in 
Htorm  and  vanish  in  droughts. 

UiK>Ti  the  saturated  sands  of  Hempstead  Plains  on  Long 
Island,  N.  Y.,  we  find  an  opjxjsite  extreme  of  constant  and 
even  flow,  where  a  great  underground  reser\'oir  co-**xten8ive 
with  its  supplying  watershed,  feeds  its  streams  with  remark- 
able uniformity. 

AlmoHt  all  degrees  of  constancy  and  fickleness  of  flow 
are  to  be  found  in  the  several  sub-section  streams  of  any 
one  of  oar  great  river  basins. 

51,  Pooiiliar  AV'aterHheds.— The  extremes  or  results 
trom  peculiar  wat<»r8heds,  are  in  all  cases  to  Ix^  considered 
(U  exirenifs  when  their  individual  merits  and  capacities  of 
supply  are  investigated,  and  the  investigation  may  often 
take  the  direction  of  determiniiig  the  relations  of  its  results 
to  n^sults  from  a  general  mean,  or  ordinary  watershed, 
«i])ecially  as  respects  its  mean  temperatui-e,  its  mean  hu- 
midity of  atmosphere,  the  direction  from  whence  its  storms 
coaiH,  the  frequency  of  its  storm  winds,  the  extent  of  its 

nis  in  the  different  seasons,  the  imperviousness  or  the 
porosity  of  its  soils  and  rocks,  the  projwrtions  of  its  steep, 
tly  undulating,  and  flat  surfaces,  and  also  it  is  to  be 
rviMi  if  it  can  be  classed  among  those  rare  instances  in 
which  one  watershed  is  tributary  as  giver  to  or  receiver 
from  another  basin,  involving  an  investigation  of  its  geo- 
logical substructure. 

152.  HunimarloH  of  Monthly  Flow  Statistles.— 
•Ve  have  analyzetl  some  valiuible  etatisti(*s  of  in(»nthly 
fainfalls^  and  measured  flow  of  streamy  in  Mass^irhusetts 
*ad  New  York  State,  which  are  too  voluminous  for  repro- 
dnotion  here,  and  present  the  deduced  results.    The  records 
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aro,  first,  from  a  report  by  Jos.  P.  Davis,  C.  E.,  relating  to 
the  waterslied  of  Coobituate  Lake,  which  lias  supplied  the 
city  of  Boston  with  water  until  supplemented  in  1876  from 
the  Sudbiu-y  River  watershed;  second,  from  a  table  com- 
pih^  by  Jas.  P.  Kirkwood,  C.  E.,  relating  tn  the  watershed 
of  Croton  River  above  the  Croton  Dam  ;  and  third,  from  a 
paper  read  by  J.  J.  R.  Croes,  C.  E.,  before  the  American 
Society  of  Civil  En^neers,  July,  1874,  relating  to  the  water- 
shed of  the  West  Branch  of  the  Croton  River. 
The  summaries  are  as  follows : 


TABLE    No.    lO. 
Summary  of  Rainfall  upon  the  Cochituate  Basxk. 
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TABLE     No.    11. 
Summary  of  Rainfall  upon  the  Croton  Basik. 

Aver«||e  annual,  46.497  locbca ;  »ren|[c  montkly,  ^tay  tncheSt 
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TABLE    No.    12. 
SuHKART  or  Rainfall  upon  Croton  West-Branch  Basin. 

Arenge  aonoftl,  44.4*9  laches ;  ftvcnce  BoiitUy,  4.099  laches. 
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TABLE    No.    18. 
SUMBfARY  OF  PERCENTAGE  OF  RAINFALL  FLO¥aNO  FROM  THE  COCHIT- 

UATE  Basin. 
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TABLE    No.    14. 
SuMsuRy  OF  Percentage  of  Rainfall  Flowing  from  the  Croton 

Basin. 

Avenffe  percenta^  <^  arenge  anniutl  ralafall  Bowing  off,  57'47< 
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TABLE    No.    18. 

Summary  of  Percentage  of  Rainfall  Flowing  from  the  Croton 
West-Branch  Basin. 

Aven^  percentage  of  average  annual  rainfall  flowing  off,  70.98. 
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TABLE     No.     16. 

Summary  of  Volume  of  Flow  of  Rainfall  from  the  Cochituate 
Basin  (in  cubic  feet  per  minute  per  square  mile). 
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TABLE    No.    17, 

Summary  of  Volume  of  Flow  of  Rainfall  from  the  Croton 
Basin  (in  cubic  feet  per  minute  per  square  mile). 
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TAB  LE     No.    18. 

SrMMARY  or  VouTMK  OF  Flow  of  Rainfall  from  thf  Crotov 

West-Branch  Basin  (in  cubic  feet  per  minute  per  square  mile). 
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53.  Mliiiiniiiiif  Moan,  and  FIcmkI  Flow  of  Strc'uuis. 

—An  analysis  of  the  published  records  of  volumes  of  water 
flowing  in  the  streaniR  in  all  the  seasons  has  led  to  the  fol- 
lowing approximate  estimate  of  volomes  of  How  in  the  aver- 
age Atlantic  coast  Imsins : 

Tlie  minimum  refers  to  a  fifteen  days'  period  of  least 
summer  flow. 

Tlie  mean  refers  to  a  one  hnndred  and  twenty  days' 
period,  covering  usually  July,   August,  Septembt?r,   and 
October,  beginning  sometimes  earlier,  in  June,  and  ending 
sometimes  later,  in  November. 
The  maxtmum  refers  to  flood  volumes. 


TABLE     No.     19. 
EsTiJUTESOF  Minimum.  Mean,  and  MAxtMint  Flow 

OF  Stxkams. 
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This  table  refers  to  streams  of  average  natural  pondage 
and  retentireness  of  soil,  but  exclndes  effects  of  artificial 
storage.  The  tiuctuations  of  streams  will  be  greater  than 
indicated  by  the  table  when  prevailing  8lo})e«  are  steep  and 
rocks  impervious,  and  less  in  rolling  country  with  pervious 
soils. 

54.  RatioB  of  Monthly  Flow  in  Streams. — A  care- 
ful analysis  of  the  publish*^  records  of  montlily  How  of  tlie 
average  Atlantic  coast  streams  leads  to  the  following  ap- 
proximat-e  estimate  of  the  ratio  of  the  monthly  mean  rain- 
fall that  flows  down  the  streams  in  each  given  month  of  the 
year,  in  whicli  due  consideration  of  the  evaj)()ration  from 
soils  and  foliage  in  very  dry  seasons  has  not  been  n^lect^^. 


TABLE     No.     20. 
Monthly  Ratios  or  Flow  of  Streams. 
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Here  unity  equals  the  mean  monthly  flow,  or  one-twelfth 
tlte  mean  annual  flow. 

To  compute,  approximately,  the  inches  depth  of  rain 
flowing  in  the  streams  each  mouth,  one-twelfth  the  mean 
annual  rain,  at  the  given  locality,  may  be  multiplied  by  the 
ratios  in  the  following  table.  For  illustration,  a  mean 
annual  rain  of  40  inches  depth,  giving  3,3:33  inches  mean 
monthly  depth,  is  assumed,  and  the  available  flow  of  stream 
expressed  in  inches  depth  of  rain  is  added  after  the  ratios. 
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TA  BLE    No.    21  . 

!ttos  of  Mean  Monthly  Rain,  avd  Inches  op  Rain  Flowing 
EACH  Month. 
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For  low-cycle  years,  use  eight-tenths  (§  47)  the  available 
montlily  depth  of  rain  flowing. 

55,  Mean  Annual  Flow  of  8treani8. — When  month- 
ly data  of  the  flow  of  any  given  stream  is  not  obtainable,  it 
may  ordinarily  be  taken  upon  average  drainage  areas,  for 
an  annual  flow,  as  equal  to  tifty  per  cent,  of  the  annual 
minfall. 

Or,  for  different  sarfhces,  its  ratio  of  the  annnal  rain, 
including  floods  and  flow  of  springs,  is  more  approximately 
as  follows ; 

From  mountain  slopes,  or  steep  rocky  hills 8o  to  .90 

Wooded,  swampy  lands 60  to  .80 

Undulating  pasrure  and  woodland 50  to  .70 

Flat  cultivated  lands  and  prairie 45  to  .60 


Since  stations  for  meteorological  observations  ar«»  now 
iblished  in  or  near  almost  all  the  populous  neighbor- 
hoods, and  some  of  the  stations  have  already  b«v*n  estab- 
^hed  more  than  a  (juarter  of  a  centtiry,  it  is  easier  to  f>btain 
rtaia  relating  to  miiifnll  than  to  the  flow  of  strt^ams.  In 
'act,  the  required  data  relating  to  a  given  stream  is  rarely 
obtainable,  and  the  estimates  relating  to  the  capacity  and 


78 


FLOW    OF    STREAMS. 


reliability  of  the  stromn  to  furnish  a  given  water-supply 
must  necessarily  be  quite  speculative. 

56.  Ehtlniatcs  of  Flow  of  Streams. — In  such  case, 
an  estimate  of  the  capacity  of  a  stj-eam  lo  deliver  into  a 
reaervoir,  conduit,  or  pump-well  is  computed  according  to 
some  scheme  suggested  by  extc^nded  observations  and  study 
of  sti-eams  and  tlit'ir  watorslieds,  and  long  experience  in  the 
construction  of  water  supplies. 

Tlie  first  reconnoissance  of  a  given  watershed  by  an  ex- 
pert in  hydrology  will  ordinaiily  enable  him  to  judge  very 
closely  of  its  capacity  to  yield  an  available  and  suitable 
water  supply;  for  his  comprehension  at  once  grasps  its 
geological  structure,  its  physical  features  and  its  usual 
meteorological  phenomena,  and  his  educatt:?d  judgment 
supplies  the  necessary  data,  as  it  were,  instinctively. 

If  the  estimate  of  flow  of  a  stn^am  must  be  worked  up 
from  a  survey  of  the  watershed  area  and  the  mean  annual 
rainfall,  as  the  principal  data,  tlien  recourse  may  be  had  to 
the  data  and  estimates  given  above,  relating  to  the  question, 
for  average  ujiland  basins  of  one  hundred  or  less  square 
miles  ai*ea. 

In  illustration,  let  us  assume  a  basin  of  on©  square  mile 
arpa,  having  a  forty-inch  average  annual  rainfall,  and  tlien 
proceed  with  a  computatinn.  This  is  a  convenient  unit  of 
area  upon  which  to  base  computations  for  larger  an»a8. 

The  nitios  of  the  thret'-yoar  low  rain  cyolos  gives  their 
mean  rainfall  as  about  eight-tenths  of  the  general  mean 
rainfall.  We  assume  it  to  be  eighty  jH>rcent.  The  mean 
annual  flow  of  the  stream  we  assume  to  be  tift>'  per  cent,  of 
the  annual  rainfall.  Eight-tenths  of  fifty  per  cf'nt.  gives 
forty  ]>ercent.  of  the  annual  rainfall  as  the  annual  available 
flow  of  the  stream,  and  forty  per  cent,  of  the  forty  inrlies 
rainfall  gives  an  equivalent  of  sixteen  inches  of  rainfall 
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down  the  b-trt'ani  aimuallr.  Tlie  monthly  averafc<' 
flovr  Is  then  taken  as  one-twelfth  of  sixtc^toif  or  ont*  and  one- 
thW  incbesL     Our  estimated  monlhly  p*^rc*^ntngt»  of  mi*an 

I  flow,  as  given  above  i§54),  is  sometimes  murh  in  exc<^6fi 
and  sometimes  less  ttian  the  monthly  average.     Flows  less 
than  the  mean  are  to  be  compensated  for  by  a  proportion- 
ate incrcast*  of  storage  above  the  mean  storage  required. 
The  monthly  computations  an*  as  follows : 
in/ 


40  inches  x  50  jht  rent,  x  .8 


=  1.838 


Monthly  mean  =  ^^  ^^^^^^^^ 

inches  average  available  rain  monthly.  Tliis  avi^ra^^e  mul- 
tiplied by  the  respective  ratios  of  flow  in  eneli  month  ^ive» 
the  inches  depth  of  available  rain  flowing  in  the  respective 
months,  thus: 


iNrMiw  D(mt  or 

AvAiL^M.!  Rain 
Kkiwiag      each 

a.90 

a.oo 

193 
M3 

1.00 

-47 
■3J 

JbO 

r6o 

3.14 


RATttM. 

t.65 
1.50 
1.6$ 
t-»S 

•8S 

.75 

•35 

•as 

.30 

•45 

X.30 

1.60 


Again,  uniting  the  constants,  we  Imve  — j^^   =.0833, 

which,  ranltiplied  by  the  respective  ratios  of  monthly  flow, 
thus:  Jan.,  .0333  x  1.65  =  .056,  Qtc.,  gives  directly  the  mean 
rttio  of  the  low  cycle  annual  rainfall  that  is  available  in  the 
stream  each  month. 
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Flow  in  Cv,  Ft. 

MixuTH  i>R«  Sg.  Mu 
IN   EACH    MoNTM. 


Jan......  40  indies     x  .055 

Feb *'  X  .050  : 

March...  "  x  .055  = 

April  ...  "  X  .C483  : 

May "  y-  .0483  : 

June '*  X  .035  - 

July "  X  w0i3  = 

Aug "  K  .0083  z 

Sept "  X  .010  : 

Oct *'  X  .015  : 

Nov "  X  .040 

Dec "  •    X  ^533  = 

Total. 


2.20  inches  depth 

a.oo  " 

a.ao 

"•93 

1.13  '* 

1.00 

.47 

.33  " 

40 

.60  " 

1.60  " 

2.14 


16.00  inches. 


Mean, 


116.60 
io6xx> 
116.60 
102.39 

5989 

53.00 

24.91 

>7-49 

3I.20 
31.80 
84.80 

70.67  cu.  ft. 


57.  Ordinary-  Flow  of  Streams. — Mr.  Leslie  has 
proposed*  an  arbitrary  rale  for  computing  the  ''average 
Bumraer  discharge"  or  "ordinary"  flow  of  a  stream,  from 
the  daily  gaugiugs,  as  follows : 

**  Range  the  discharges  as  observed  daily  in  their  order 
of  magnitude. 

'*  Divide  the  list  thus  arranged  into  an  upper  quarter,  a 
middle  iialf,  and  a  lower  quarter. 

"  The  discharges  in  the  upper  quarter  of  the  list  are  to  be 
considered  as  floods,  and  in  the  lower  quarter  as  minimum 
flows. 

'*For  each  of  the  gaugings  exceeding  the  average  of  the 
middle  half,  including  flood  gaugings,  substitute  the  amrffge 
of  the  middle  kcdf  of  the  listy  and  take  the  mean  of  the 
whole  list,  as  thus  modified,  for  the  ordinary  or  average 
discharge^  exclitsim  offl.ood-waiers,'*'' 

This  rule  applied  to  a  number  of  examples  of  actual 
measurements  of  streams  in  hilly  Englitih  districts  gave 
computed  ordinary  dischai^ges  ranging  from  one-fourth  to 


TABLES   OF    FLOW. 


SI 


one-third  of  the  measvred  mean  discharge.^  including 
floods. 

The  ordinary  flow  of  New  England  streams  is,  at  an 
average,  equivalent  to  about  one  million  gallons  per  day 
per  square  mile  of  drainage  area,  which  expressed  in  cubic 
feet,  equals  about  ninety-two  cubic  feet  per  minute  per 
ijtinare  mile. 

The  above  computation  for  the  average  flow  in  low  cycle 
^esa  little  less  than  eight-ti:^nths  of  this  amount,  or 
8ev«ity-one  cubic  feet  per  minute  per  square  mile  as  the 
average  flow  throughout  the  year,  and  a  little  less  than  one- 
fourth  this  amount  as  the  minimum  monthly  flow.* 

5S.  TahleH  of  Flow  Equivalent  to  (Jiveii  DoptLH 
*)f  Rain. — To  facilitate  calculations,  tables  giving  the 
♦equivalents  of  various  depths  of  monthly  and  annual  rain- 
Calls,  in  even  continuous  flow,  in  cubic  feet  per  minute  per 
acre,  and  per  square  mile,  are  here  inserted. 

Greater  or  less  numbers  than  those  given  in  Tables  22 
and  23  may  be  found  by  addition,  or  by  moving  the  decimal 
point;  thus,  from  Table  22,  for  40.362  inches  depth,  take 

Depth,  30  inches  =  1590.204  cu.  ft. 

10  ••      =  S30.06S       •* 

.3  «      =       15.902       " 

.06         "      =        3.180       " 

.002        '*       =  J  06       « 

40.362  inches  =  2139.460  cu.  ft 

To  reduce  the  flows  in  the  two  tables  to  equivalent  vol- 
^nifs  of  flow  for  like  depths  of  rain  in  oxe  day,  divide  tJie 
floffs  in  Table  22  by  30.4369  (log.  =  1.483400),  and  divide 
the  flows  iu  Table  23  by  365.2417  (log.  =  2.r>02581). 

*  Some  aaefal  data  relating  to  the  flow  of  certain  British  and  CnntinenUl 
*«Mi«  may  be  found  in  Beortlmore'ii "  Manual  of  Hydrology/'  p.  140  (Lon- 
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TAB1.E     No.     22.                                      ^^| 

H                EQXnVALENT 

Volumes  of  Flow,  for  given  Depths  or  Rain  i^^B 

One  Month.*                                                1 

^^H                  DiPTMK  or  Rain 
^^M                 IN  One  Mokth. 

EwiVAUcsT  Flow  in 
Cubic     Kkkt     pkh 

Bqi>ivai.kkt  Flow- iHCif-Bqt'ivALaMT  Plow  ih  Cv-        H 
aic    Fkkt  pbn   MiNtTK'     mi.  Kket  rKic  Month  pea        I 

MlWUT*  FKK  ACKS* 

fKtt  Squarb  Mile. 

Squajui  Mjlb. 

^K^                     /mcJUm. 

^^^L 

.00083 

•530 

23,2^2 

^^^^^ 

.00166 

1.060 

46,464 

^^^k 

.00248 

1.590 

69,696 

^^^^B 

.00331 

2.120 

92,928 

^^^H 

.00414 

2.650 

116,160 

^^^H 

.00497 

3.180 

139.39a 

^^^B 

.00580 

3-7  xo 

162,624 

^^^^ 

.00662 

4.240 

185*856 

^^V 

•00745 

4.770 

209,088 

^^^H 

.00828 

5-3007 

232»330 

^^^H 

.01656 

10.6014 

464,640 

^^H 

.02484 

15,9020 

696,960 

^^H 

•033x3 

21.3027 

939,280 

^^m 

.04140 

26.5034 

1,161,600 

^^M 

.04968 

3 1 .804 1 

1^393.920 

^^H 

.05796 

37.1048 

1,626,240 

^^H 

.06634 

42.4054 

1,858,560 

^^H 

.07453 

47-7061 

3,090,880 

^^^H 

.0828 

53.0068 

2,323,200 

^^^B 

,1656 

106.0136 

4,646.400 

^Hr 

.2484 

159.0204 

6,969.600 

^KI 

•3^1  2 

212.0272 

9,292,800 

HI 

.4140 

265.0340 

11,616,000 

.4968 

318.0408 

13,939.200 

^H 

.5796 

371.0476 

16,262,400 

^^H 

.6624 

424.0544 

18,585.600 

^^1 

.7452 

477-0612 

20,908,800 

^^H 

.828 

530.068 

23,232,000 

^^^B 

1.656 

1060.136 

46,464,000 

^V 

2.484 

1590.204 

69,696,000 

._..„.,      . 
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TA  B  LE     No.    23. 

EonvALEST  Volume  of  Flow,  for  given  Depths  of  Rain  in 
One  Year.* 


rwiptw  «  D.»>  Effl-TTAi-aicT  Flow  is  Egi-n  aix-vt  Flow  im  Cr-  B^t'iVALSirr  Flow  in  Cu- 
HOx»  »«A«.        X. A —       —  &}OAM  Mils.  Sqiarb  Milb. 


MlMTTK   rtM  ACKE. 


I»cia, 

.01 

.000069 

.0442 

23*232 

.02 

.000138 

.0883 

46,464 

•03 

.000207 

-1325 

69,696 

.04 

.000276 

.1767 

92.928 

■05 

.000345 

.3209 

116,160 

.06 

.000414 

.2650 

J39.392 

•07 

.000483 

.3092 

162.624 

.08 

.000552 

•3534 

185.856 

•09 

.000621 

•3976 

309,088 

.1 

.00069 

.44x7 

332.320 

.3 

.00138 

.8834 

464,640 

•3 

.00207 

1-3252 

696,960 

•4 

.00276 

1.7669 

929,280 

•5 

.00345 

3.2086 

1,161,600 

.6 

.00414 

2.6503 

i'393»920 

•7 

.00483 

3.0931 

1,626.340 

.8 

.00552 

3^5338 

1,858.560 

•9 

.00621 

3-9755 

3,090,880 

1.0 

.0069 

4.4172 

3,323.300 

3 

.0138 

8.8345 

4*646.400 

3 

.0207 

13-2517 

6,969,600 

4 

.0276 

17.6689 

9,392,800 

5 

•0345 

23.0863 

ii»6!6,ooo 

6 

.0414 

26.5034 

1 3. 939*  200 

7 
0 

.0483 

30.9306 

16,262,400 

8 

•055* 

35-3379 

18,585,600 

9 

.06a  I 

39-7551 

20,908.800 

10 

.069 

44.1723 

33,232,000 

20 

.138 

88.3447 

46,464,000 

30 

.207 

132.5170 

69.696,000 

40 

.276 

176.6894 

92,928,000 

50 

•345 

320.8617 

116,160,000 

60 

.414 

265.0340 

139,392,000 

*  One  7«ar  is  Uken,  equal  to  865  days,  8  hours,  40  minutes. 


CHAPTER   v. 

STORAGE    AND    EVAPORATION    OF    WATER. 

STORAGE. 

59.  Artificial  Stoi'sige. — The  flnctuations  of  the  ra5n*j 
fall,  flow  of  streams,  and  consnmj^tiou  of  water  in  the  diflt^-l 
ent  seasons  of  the  year,  require  almost  invariably  that,  for] 
(gravitation  aad  hf/draulic  power  pumping  supplies^  there 
shall  be  ai'titiciaJ  storage  of  the  surplus  waters  of  tlie  sea- 
sons of  maximum  flow,  to  provide  for  the  draught  during; 
the  st.'asons  of  minimum  flow.  A  grand  exception  to  thiai 
general  rule  is  that  of  the  natural  storage  of  the  chain  of 
great  lakes  that  equalizes  tlie  flow  of  the  St.  lAwreuee 
lliver,  whicli  furnislies  tlie  domestic  wat^-r  sxipply  of  the 
City  of  Montreal  and  the  hydiaulic  power  to  pump  tlie  same 
to  the  reservoir  on  the  mountain. 

Wlien  the  mean  annual  consumption,  whether  for  df^ 
mestic  use,   or  for  power  and  domestic  use  combined  is 
nearly  equal   to  the  mean  annual  flow  of  the  supplyingj 
watershed,  the  question  of  ample  storage  becomes  of  gu-j 
prerae  importance.    The  chief  river  basins  of  Maine  presenti 
remarkable  examples  of  natiuul  storage  faeilities,   siuco 
they  Iiave  fi'om  six  to  thirteen  jier  cent.,  respectively,  of 
their  large  watershed  areas  in  pond  aj)d  lake  surfaces. 

00.  LoNsoH  Inrhlent  to  St«r:i>«:i». — There  are  lossea 
incident  to  artificial  storage  that  must  not  be  overlooked ; 
for  instance,  the  percolation  into  the  earth  and  through  thoi 
embankment,  evaporation  from  the  reservoir  surface  andj 
from  the  saturaU^d  l>orderH,  and  in  some  instances  coustaut] 
draught  of  the  share  of  riparian  owners. 
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61.  Snb-8trata  of  the 

of  the  ini|>ounding  baem,  ecpeeuJly  wl 

fill  it  to  great  height  above  the  old  bed,  »  Id  be 

t'samined,  as  the  water  at  its  new  level  bat  eofcr  tbe> 

of  porous  strata  cropping  oot  abon  tht 

Hud  sic'cess  to  fissored  rockfiy  eitber  of  wl 

storage  by  subterranean  patha  akM^  the  rmlley 

it,  posfflbly,  a  long  distance  down  the  etRttm,  or  ni  a  aol- 

titnde  of  springs  beyond  the  impou&g  dam.    If  the 

water  carries  but  little  sediment  of  a  ^ting  aatinev  tlua 

tiouble  will  be  difficult  to  remedy,  and  liable  to  be  oerioas- 

ly  chronic. 

6*3.  Percolatic»n  from  Storafre  Ba.«(ina.— Percolation 
through  the  retaining  embankment  is  a  result  of  eiighted  or 
imint^lligent  construction,  and  will  be  discussed  when  con- 
structive features  are  hereafter  considavd.  (See  Reservoir 
Embankments.) 

63.  Ui^hts  of  Riparian  OwnerH. — The  rights  of 
riparian  owners,  ancient  as  tiie  riparian  settlements,  to  the 
use  of  the  water  tliat  flow&,  and  its  most  favored  jiiscatory 
produce,  is  oft*^n  as  a  (horn  in  the  impounders  side.  Wliat 
are  those  rights  ?  The  Courts  and  Legislatures  of  the  man- 
ufacturing States  have  wrestled  with  this  question,  their 
judges  have  grown  hoary  wliile  they  pondered  it,  and  their 
attorneys  have  prospered,  and  yet  who  shall  say  wliat 
npatian  rights  shall  be,  until  tho  Court  has  considered  all 
anew. 

Beloe  mentions*  that  it  is  a  **oommon  (British)  rule  in 
tile  mannfacturiug  districts  to  deduct  one-sixth  the  average 
rainfall  for  loss  by  floods,  in  addition  to  the  absorption  and 
evaporation,  and  then  allow  one-third  of  tho  remainder  to 
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tbe  riparian  owners,  leaving  two-thii*ds  to  tlie  impounders. 
In  some  iustane-es  tliia  is  varied  to  the  prof>ortiun  of  one- 
quarter  to  the  former  and  three-qxiarters  to  the  latt4»r." 

The  question  can  only  be  settled  equitably  upon  the 
iMsis  of  daily  gaugings  of  flow,  througli  a  long  series  of 
years.  A  theoretical  consideration  involves  a  thorough 
invesHgation  of  its  gculogieal,  p!iysical»  and  met4^on)logical 
featurt^s.  There  is  no  more  constancy  in  natural  flow  at  any 
season  than  in  the  density  of  the  thermometer's  mercury. 
The  flow  inrrt^ases  as  the  storms  are  gathen^  into  the  clian-' 
nel,  it  decreas(^8  whi»n  the  bow  lias  appean'd  in  the  heavens  ;l 
it  increases  when  the  moist  clouds  sweep  low  in  tiie  valleys^ 
it  decreases  under  the  nof>nday  sun  ;  it  increases  wlien  the 
shadows  of  evening  fall  across  the  banks,  it  decreases  when 
the  sharp  frosts  congeal  the  streams  among  the  hills. 

64.  Periodical  Classifioation  of  Riparian  Rights*! 
— ^The  riparian  rights  subject  to  curtailment  by  storage; 
might  be  classified  by  periods  not  great^^'r  tlian  montldy^ 
though  this  is  rarely  desinible  for  either  partj'  in  interest, 
but  they  should  l>e  bastni  upon  t!io  most  reliable  Btatisticsl 
of  monthly  rainfall,  evaporation,  and  flow,  as  analyzed  and  5 
applied  witli  disciplim»d  judgment  to  the  particular  locality 
in  question. 

05.  ronipoiisations-— In  the  absence  of  local  statistic* 
of  flow,  it  may  become  necessary,  in  settling  questions  of 
riparian  rights,  or  adjusting  compensation  tlierefor,  to  esti- 
mate the  periodic  flow,  of  a  stn^um  by  some  such  method  as 
is  suggests  al>ove  in  the  general  discussion  aj>on  the  flov 
of  streams,  after  which  it  ifunains  for  the  Couit  to  fix  tlie 
proportion  of  the  flow  that  the  impounders  may  manipulato 
for  their  own  convenience  in  the  successive  seasons,  and  the^ 
proportion  that  is  to  be  passed  down  the  stream  regularly 
or  periodically. 
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EVAPORATION. 

66.  Lof9U9  fWim  I^Her^oir  by  Evaporation*— Lowes 

1>7  evaporations  from  the  soifiues  at  shallow  stonge  ivsct- 
voiis,  lakes  and  ponds  are,  m  manir  localities,  so  great  in  the 
BumintT  and  autumn  that  their  arvas  are  omitl<:'d  in  compn- 
lOf  water  derivable  from  their  watersheds.  This  is  a 
ice  in  dry^  warm  rlimatea,  in  which  the  evaponi- 
from  shallow  ponds  maj  nearly  or  quite  equal  the 
volume  of  rain  that  falls  directly  into  the  ponds.  ilar>hy 
maigins  of  ponds  are  profligate  dispensers  of  vapor  to  the 
atmosphere,  usually  exceeding  in  this  respect  the  water 
sar&ces  themselves* 

67.  Evaporation  Phenomenju— ETaj>oration  is  the 
niogt  iickie  of  all  the  meteorological  phenomena,  and  tla 
action  is  !^  subtle  tliat  we  cannot  observe  \U  prooooomw  lla 
ivsnlts  demonstrate  tixat  the  constituents  of  water  are 
staittlj  changing  their  state  of  existence  frc^m  tliat  of  g 
liqnid.  liquid  to  gas,  liquid  to  solid,  and  solid  to 
action  takes  place  as  well  upon  polar  ice  fielda  or 
sDOffa,  as  upon  tropical  la^(>ons,  though  leas  ia 
Tlio  active  vapors  that  fonn  within  the  waters  or 
fllently  emerge  through  their  Kurfaces  and 
their  ethereal  mission,  and  are  not  again 
tlioy  liave  been  once  more  tinited  into  clond  and 
iutorain. 

Tiie  rapidity  with  which  water,  Ftnow,  and  ioe 
Terted  into  vapor  and  pass  ofif  by  evapofa&s  ii 
^nt  npon  the  teraperatuiv  of  the  water  and 
iiiorc  especially  upon  tlieir  relative 
thedrjTiess  and  activity  of  the  atmoepbera 
of  rapor  in  a  body  of  water  is  6up])owd  te  be 
mam  when  the  atmos])here  is  moist  and 
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and  water  are  quiet  and  of  an  equal  low  temperature^  and 
most  active  when  the  atmosphere  is  diyest  and  hottest  and 
the  wind  brisk  and  water  warm. 

M.  Aime  Drian  observed  that  "^'when  the  temperature 
of  tlie  dew  point  is  higher  than  tliat  of  the  evaporating  sur- 
face, water  is  deposited  on  that  surface,"  which  action  he 
styles  negaiif^e  evaporation. 

Undoubtedly  the  cool  surfaces  of  deep  waters  condense 
moisture  in  summer  from  warm  moist  atmospheres  wafted 
across  them,  and  thus  at  times  are  gaining  in  volume  while 
popularly  supposed  to  be  losing  by  evaporation,  AVhen 
winds  blow  briskly  across  a  water  surface,  large  volumes 
of  unsaturated  air  are  presented  in  rapid  succession  to 
attract  it«  vapors,  and  tlie  wave  motion  increases  the  agita- 
tion of  the  body  and  permits  its  vapors  to  escape  freely. 

The  atmosphere  has,  however,  its  limit  of  power  to  ab- 
wirb  vapor  fur  each  given  temperature,  and  wlien  it  is  fully 
saturated  it  ca^  receive  no  more  wiUiout  depositing  an  equal 
amounts  or  until  its  temperature  is  raised. 

08-  Fvapfiratinn  from  Water.— In  an  instructive 
paper  upon  rainfall  and  evajxjration,  by  Mr.  A.  Golding. 
State  Eaginw^r  at  Cojjenhagen,  quoted*  by  BeardraoieT  we 
find  some  valuable  measurements  of  evaporation  in  the 
different  seasons,  from  which  the  following,  relating  to 
evaporation  at  Emdrup,  is  extracted. 


Vide  Beardmore's  Hydrology*,  p.  289  d.    Loudon,  1802. 


EVAPORATION    FROM    EABTU. 


TABLE    No.    24. 
Evaporation  from  Water  at  Emdrup,  Denmark. 

N.  ImJL  55V';  E-  l^of   »  M''  ^m  Greenwich. 
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Mean  Ermpontion  from  Short  Grus,  1853  to  1859  fncliuiTC. 
Meu..|   0.7    I    0.8    I    1.3   I    9.6   I    4.1    I    5.5    I    5-3    I    4-7    '    '-8    I    13    I    0-7 

Mean  Evaporation  from  Long  Gimss,  1S49  to  1856  iocludve. 
Mean..'   0.9    !    0.6   |    1.4   I    3.6   |    4.7    |    6.7    [    9.3    [    7.9   |    5.2    |    2.9   |    1.3 


0-5    I  30.1 


0.5    I  44.0 


Mean  RainOll  at 
Mein..j   1.5   I    1,7   j    ijo  j    1.6   I    1.5 


Station,  1848  to  1859  includve. 

a.a    j    2-4    I    3.4    [    2^    I    2-3    |    1.8    |    1.5 


31.9 


TAB  LE     No.     2B. 

69.  Eraporation  from  Earth.— Mean  Evaporation  from 
Earth,  at  Bolton  Le  Moors,*  Lancashire,  Eng.,  1844  to 

1853,  inclusive. 

Lat.  i^^-yr  N.;  Height  above  the  Sea,  390  Feet 
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Metn 
Rado... 
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i.43> 

3.03 

•W5 

t.38 
-599 

0.81 
■379 

0.47 
.330 

aS-Cs 

Mean  R^nftll  at  same  Station,  1844  to  1853  Inclusive. 
Metn-.j  4.63  I  4-03   I  a.«5   |  »-»  I  "3  I  4<»7  |  4.3»  |  4-77  |  3-79   ]  5.07  |  4-64  |  3-94   |  •4S-96 


*  Beardaiore*8  Hydrology,  p.  335. 
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Mean  Evaporation  from  Earth,  at  Whitehaven,  Cumberland, 

EnG.,    1844  TO    1853    INCLUSIVE. 
LaL  mV'  N.;   Height  abore  the  Sea,  90  feet 
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i-6tt9 

<.746 

1.697 

i.35« 

t.at6 

•7«3 

.5»3 

.419 

Mean  Ralnbii]  at  aamc  Station,  1844  to  1B53  inclusive. 
Mean . .  [    5-1    |    3-4    |    «-5   )    «•«   |    «-9    |    3-»    \    40   |    *.3    |    3.t    |    5-3    |    4-5    |    3.«    |  43.5 

70.  Examples  of  Evaporation.— Charles  Greaves, 
Esq.,  conducted  a  series  of  experiments  upon  percolation 
and  evapomtion,  at  Lee  Bridge,  in  England,  continuously 
from  1860  to  1873,  and  has  given  tlie  results*  to  the  Insti- 
tution of  Civil  Engineers.  The  experiments  were  on  a  large 
Hcale,  and  the  very  complete  record  is  apparently  worthy 
of  full  confidence. 

The  evaporation  boxes  were  one  yard  square  at  tlie  sur- 
fiice  and  one  yarJ  deep.  Those  for  earth  were  sunk  nearly 
flush  in  the  ground,  and  tliat  for  water  floated  iu  the 
river  Lee.  The  mean  auiiiuxl  minfall  during  the  time  was 
27.7  inches.  The  annual  evaporations  from  soil  were,  mini- 
mum 12.067  inches;  maximnm  25.141  inches;  and  mean 
19.534  inches: — from  sandy  minimum  1.425  inches;  maxi- 
nnim  1>.102  inches;  and  mean  4.(S48  inches: — from  watery 
minimum  17.332  inches ;  maximum  20.933  inches ;  and 
mean  22.2  inches. 

Some  experimental  evaporators  were  constructed  at 
Dijon  on  the  BiU'gundy  canal,  an<l  are  descrilied  in  Annans 
diis  Fonts  et  Chausses,  They  are  masonry  tanks  lined 
with  zinc,  eight  feet  square  and  one  and  one-third  feet  deep, 


I 

I 
I 


•  TruM.  Inirt.  OvU  Englneera.  1876,  Vol.  XLV,  p. 
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and  are  sunk  in  the  groand.  From  1846  to  1852,  there  waa 
a  mean  annual  evaporation  of  26.1  inches  from  their  water 
sorfaccs  against  u  nil n fall  of  26.9  inches.  At  the  saim*  lime 
a  small  evaporator,  one  foot  square,  placed  near  the  larger, 
gave  results  fifty  per  cent,  givater. 

ObservationH  of  evapomtion  fiom  a  water  surfiice  at  the 
recdving  resenoir  in  New  York  indicated  the  mean  annual 
evaporation  from  1804  to  1870  inclusive  as  39.21  iiirhfs. 
which  equaled  81  per  cent,  of  the  rainfall. 

On  the  West  Branch  of  the  Croton  River,  an  apparatus* 
wTus  arranged  for  the  purpose  of  measuring  the  evaporation 
from  water  surface,  consisting  of  a  box  four  feet  squan^  and 
tluve  feet  deep,  sunk  in  the  earth  in  an  exposed  situation 
and  liUed  with  water.  The  nu^n  annual  evaporation  was 
found  to  be  24.15  inches,  or  about  fifty  per  cent,  of  the 
rainfall.  The  observations  were  made  twice  a  day  with 
caiv.    The  maximum  annual  evaporation  was  28  inches. 

Evaporations  from  the  surface  of  water  in  shallow  tanks 
4nj  variously  reported  as  follows : 


At 

Cambridge,  Mass., 

one   year. 

56.00 

inches  depth. 

u 

Salem, 

4»                il 

56.00 

u 

Syracuse,  N.  Y., 

U              U 

50.20 

it 

Ogdensburgh,  N.  Y. 

4*                  «« 

49-37 

4( 

Dorset,  England, 

three   ♦* 

25.92 

It 

Oxford, 

five      " 

31.04 

II 

Dcmerara, 

three    " 

3S-<2 

14 

Bombay, 

five      " 

83.38 

tl                   (4 

71.  Ratios  of  Evaporation.— In  the  eastern  and  mid- 
dle Dnited  States,  the  evaporation  from  storage  rt^servoirs, 
having  an  average  depth  of  at  least  ten  feet,  will  rarely 
exceed  sixty  per  cent,  of  the  rainfall  upon  their  surface. 

•  Vide  p^pcr  on  "  Flow  of  the  W«rt  Bnmch  of  the  Croton  River,"  l>y  J.  Js& 
R.  Cnw.   Tmtifl.  Am.  80c.  Civ.  Eogre.,  Joly,  1874.  p.  83. 
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The  ratio  of  evaporation  in  each  month  to  the  monthly  aver- 
age evaporation,  or  one-twelftli  the  annual  depth,  is  esti- 
mated to  be,  for  an  average,  approximately  as  follows ; 


TABLE     No.    26. 
Monthly  Ratios  or  Evaporation   from   Reservoirs. 
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The  following  ratios  of  the  annual  evaporation  from 
water  surfaces  are  eqnivalent  to  the  above  montlily  ratios, 
and  may  be  used  as  multipliers  directly  into  the  annual 
evaporation  to  compute  an  equivalent  depth  of  rain  in 
inches  upon  the  given  surface  in  action.  Beneath  the  ratios 
are  given  the  equivalent  depths  for  each  month  of  40  inches 
annual  rain,  assuming  the  annual  t*vapnration  to  equal 
sixty  per  cent,  of  the  rainfall,  or  24  inches  depth. 


T  A  BLE     No.    27. 

MULTtPUKRS    FOR   EQUIVALENT   INCHES  OF   RaIN   EVAPORATED. 


RaUo  of  uinuftl  «vapom> 

lion 

Equlvaleot  depth  of  rain 
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41667 

1.6 
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■I54» 

>7 


1667 
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.e6as  Alt; 
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72.  Resultant  Effect  of  H^iiii  and  Eva|>oi-nticm.— 

For  the  puq^ose  of  comparing  the  effects  npon  a  Reservoir 
replenished  by  nnn  only*  let  us  assume  the  available  rain- 
fall to  be  eight-t^^^nths  of  40  inches  per  annum,  and  the 
ratios  of  mean  monthly  rain,  and  tlie  ratios  of  annual  rain 
in  inches  depth,  to  b©  ae  per  the  following  table ; 


m 


m  the  two  last  tables,  and  their  loweat 
the  lacbeB  of  gain  bj  rainfkll  upon  tho  iv-sf^nroir, 
the  sides  of  the  res^^rruir  to  bv  pcrptiidicular.  and 
inches  of  loss  fh>m  the  same  rvsen'oir  by  evaporatiou, 
we  not**  that  the  gain  prepondt^ratt^s  nnti!  June,  thon  the 
loaB  jireiHiniif'iatt^  until  in  Xovi'mbtT, 
IX  Practical  Etfi^ct  ui>oii  Stora^.— Since  thoprac- 
valae  of  storage  is  ordimtrily  realized  betwet^n  Maiy 
November,  the  excess  of  loss  daring  that  term  Is^ 
pmcticaUy  considered,  the  annual  defivieucy  frnm  the  m-sht- 
^Ir  chargeable  to  evaporation.  ^Ve  compute  \t»  moxinmiu 
hi  the  following  table,  commencing  the  summation  in  June, 
aO  tlie  qnantities  being  in  inches  deptli  of  rain. 
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If  the  cln^alfication  is  reduced  to  daily  p«»nods  instead 
of  monthly,  the  mnximniu  deficiency,  a4MM)nling  to  the 
above  basis,  will  in  a  majority  of  years  exceed  three  inches. 
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CHAPTER  VI. 

BrPPLYlNQ    CAPACITY    OP    WATERSHEDS, 

f4.  Estiiuate  of  Available  Ajuiual  Flow  of  StreamsT 

— Apply  uig  our  calculations  in  the  last  chapter,  of  available 
flow  of  water  from  the  unit  of  watershed,  one  square  milo, 
and  modifying  it  by  the  elements  of  compensation,  storage, 
evaporation,  and  percolation,  we  then  estimate  mean  annnal 
quantities  of  low-cycle  years,  applicable  to  domestic  con- 
sumption, as  follows : 

Assumed  mean  annual  rainbll 4oioches. 

Flow  ci  nroun  available  for  storage,  40  per  cent,  of  meao  n^  =  16  inches  of  rmln. 

This  available  tain  is  applied  to : 

rat  Compensation  to  riparian  owners,  say  16.B  p,  c.  of  mcftn  rain  =  6.71  Itl  ofrtlo. 

«l.    Eraporaiion  from  «urfocc  of  storage  reservoir,    **      *^    "     "      "        "     =    ^  **    **    " 
3d,    I'trcnlation  from  s(oni{;e  reservoir,  "      a^    **     "      "        '•     =    .>6  '•    **    ■* 

^th.  Balance  available  loi  cor^sumptioD,  18^     **      **       *'         "     -=  j.jfi  **     **    ** 


Total. 


4op«r  cenL 


t6lnckca. 


Tlie  7.36  inches  of  rain  estimated  as  avaUable  fiom  a 
40-inch  annual  rain  equals  17,098,762  cubic  feet  of  water, 
wliich  is  equivalent  to  a  continuous  supply  of  seven  cubic 
feet  JHT  day  (=  52.36  gals.)  each,  to  6,692  ]>ersons. 

By  applying  to  the  annual  results  the  monthly  ratios, 
and  thus  developing  the  monthly  surpluses  or  deficiencies 
of  flow,  we  shall  have  in  the  algebraic  sum  of  the  deficien- 
cies the  volume  of  storage  necessary  to  make  forty  per  cent, 
of  the  rainfall  available,  and  this  storage  must  ordinarily 
approximate  one-third  of  the  annual  flow  available  for 
storage. 
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5*  Estimute  of  Monthly  Avuiliibh'  Storai^i*  Hc*- 
Hiuired. — Compatation  of  a  sapply,  aud  ihv  required 
fitoi-agi^ ;  applied  to  one  square  mile  of  watershed  as  a  unit 
of  area. 

Assumed  data:   Population  to  be  supplied-  6,500  per- 
sons, consuming  7  cubic  feet  per  capita  tlaily,  each  ; 

Mean  annual  rainfall,  40  inches,  and   eight-tenths  = 
32  inches  of  rain,  in  the  low-cyclp  years ; 

Available  flow  of  stream,  fifty  per  cent  of  eight-tentlis 
ofmin=  16  inches; 

Compensation  each  month,  .168  of  one-twelfth  the  mean 
amimil  de]>tli  of  rain  =  .56  inches  each  month  uniformly ; 

Evaporation  annually  from  the  reservoir  surface  only, 
Kity  per  cent-  of  the  depth  of  mean  annual  rain,  or  24 
inches;  and  monthly,  sixty  per  cent  of  one-twelfth  the 
annaal  evaporation  =  2  inches. 

Area  of  storage  reservoir,  .04  square  mile,*  or  25.0  acres, 
vith  equivalent  available  draught  of  ten  feet  for  that  sur- 
face. The  evaporation  of  two  inclies  from  four  hundredths 
of  a  square  mile  =  .08  inch  from  one  sqimre  mile. 

Volume  of  percolation  assumed  to  equal  volume  of 
^evaporation  ftnjm  the  n„»s«.'rvoir  surface. 

The  montlily  ratios  will  be  multiplied  into 


c—-—  =  »-3333  in.  for  the  monthly  flow. 

12  months 


a68x 


40  m.  mean  rain 
12  months 


=.56  in.  for  monthly  compensation. 


.04 x^^-^*  ?    ^  *^'  -  —  .08  in.  for  monthly  evaporation  from  reservoir. 
12  months 

**  —  .08  in.  for  monthly  percolation  from  reservoir. 

6500  <  7  cu.  ft,  X  30.4369  days  =  1,384,879  cu.  ft.  for  monthly  con- 
sumption. 


*  A  unit  of  reserrolr  area,  for  each  square  mile  unit  of  waterahed. 


96 


SUPPLYIXO    CAPACITY    OF    WATERSHEDS. 


TABLE     No.    28. 
Monthly  Supply  tu,  and  Draft  from,  a  Storage  ResejlvoiC 


HOKTH. 


Jan,  I 
Feb.  I 
Mar.  I 
Apr.  I 
May  I 
June  j 
July    I 


Aug. 


Sept.  I 

Oci.  I 

Nov.  I 
Dec 


Totals 


MONTHLir 

Plow. 


Gmfm. 

Ratio,  1.65 
5.111,040 

Ratio,  t.so 
4.646,400 

Rado,  1.6s 
S.I  1 1.040 
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Monthly 
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TioN  rnfiH 
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vuik. 
tmtic  Jt«U 


3,323,300    1,300.993 


Ratio,    .35 


Ratio,  .as 
774.400 

Ratio,  .y> 
939.280 

Ratio,  ^s 
1.393.9*0 

Ratio,  I  ao 
3. 717.120 

Ratio.  1.60 
4,956,160 


.168 


2,084*160    1,300,992 


.168 
1.300,992 

.168 
1.300,992^ 

.168 

1.300,992 

.168 
1.300,993 

.168 
1,300,993 


37.171,20015.611,904 


Ratio,  .30 

55*757 

.35 

65P50 

•so 

92,928 

.80 
148,685 

MS 

269.491 

1,70 
3*5.955 

i.8s 
343.834 

a.oo 
37t.7ta 

1.45 

269^*91 

139.39* 

■50 
93,938 

■35 
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MoyTHLV 

DoHKvnc 
Co.sst^^ 

TION. 

cmiic/irtt. 


Lms. 
Ratio.  .30 

55.757 

J5 

65JO5O 

•SO       I 
92.928 

•80  : 
148,685 
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269.491 

l.JO 

315.955 
1.85 

343.834 


371.7"' 

1-4S 
269,491 

.75      I 

139.392 

I 

'"^    al 
93.93S, 

•3S        ! 
65.050 


Vtttt. 
Ratio.  1.05 
M54.I23 

1 10 
J.5a3.3''7 

.90 
1.246,391 

.«5 
1.177.147 

T.346,39[ 
1.00 

1.384.879 

I.SO 

I.66I.655 

I. as 

I.73I1O99 

1.05 

1,454.133 

.90 
1 ,246,391 

1.177.147 

•95 
1.315*635 


Svarttn. 


9.244,411 
1.691,941 
3.377.801 

x,738,oix 


3.233,072  2.230,278  16,618,548 


1.053.135 
3,309,433 


11,399,723 


Daf  iciancv 


453405 

994.581 

3*566.355 

3.001.115 

2.364.817 
M33.a47 


10.818,530 


From  certain  localities  no  claim  will  arise  for  diversion 
of  the  water,  or  the  diversion  may  be  compensated  for  by 
the  payment  of  a  cash  honns,  in  whirli  case*  the  proportion 
iif  rainfall  applicable  to  domestic  consumption  will  be  a 
little  more  than  doubled,  and  approximately  as  follows, 
neglecting  percolation  from  the  storage  reservoir. 
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The  monthly  ratios  will  here  be  multiplied  into 

40  in.  X  ^  X  .50  p.  c. 
12  months 


1.3333  i"^  f<5r  the  monthly  flow. 


40  in.  X  .60  p.  c.  o  .     ,  , ,  .      *_ 

.04  X  — -— -~^ —  =  .08  in,  for  monthly  evaporation  from 

12  months  ^       '^ 

13.500  persons  x  7  cu.  ft  x  30.4369  days  =  2,876,287   cu.  ft.   for 

monthly  consumption, 

TABLE    No.    29, 
Monthly  Supply  to,  and  Draft   from,  a  Storage  Reservoir 
(without  compensation). 


MOSTH. 

MOMTHLV 

Fu)w. 
cuhic/tti. 

Rasaavoia.    j  Co.NStMrnoN. 
cuhU/tti.      '      cubic /tMt. 

SuKFLUS. 

cubic  /ett. 

DariciLNCY. 
cubic  /ett. 

Jan.      1 

Gain. 
Ratio,  1.65 
5,11 1, 040 

Ratio,  1.50 
4.646400 

5,ixi»040 

Ratio,  1.45 
4491.520 

Ratio,    .85 
2,632,960 

Ratio,    .75 
2,323.200 

Ratio,    .35 
1^84,160 

Ratio,    .95 
734,400 

Ratio,   .30 
939,380 

Ratio,   .45 
1.393.920 

Ratio,  1.20 
3.717,120 

Ratio,  1.60 
4,956.160 

Ratio,   .30 

57.557 

•35 

65,050 
92.928 

.80 

148,685 

W5 

269491 

1.70 
315,955 

1.85 
343.834 

a.oo 
371,712 

1.45 
269491 

-75 
139,392 

-SO 
92,928 

■35 
65,050 

Uttd. 
Ratio,  1.0s 
3,020,101 

l.IO 

3.163.916 

•90 
2,588,053 

.85 
2,444,844 

.90 
2.588,658 

t.ao 

2,876,287 

1.30 
3.451,544 

I.as 

3.595.359 

1.05 
3,020,101 

.90 
2.588,656 

.85 
2,444.844 

.95 
2,732472 

2,103,889 
1417432 
3429454 
1,897,991 

Feb.      1 

Mar.     j 

Apr, 

Kay      1 

335.189 

869,042 
2,711,218 
3,232,671 
2,360,312 
1,334.130 

June 
July 
Aug. 
Sept 

^   1 

Sot.     1 
Dec.      1 

1.179.348 
2,158,638 

Totals. 

37.171,200 

3,332,072      1   34.515,442 

11.185,754 

10.732.562 

/^ 
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76.  Aclciltional  Storage  Required.  —  Forty  inches 
of  rainfall  on  one  sqiian?  mile  equals  a  volume  of  92,928,000 
cubic  feet.  The  deficiency  as  above  computed  is  nearly 
twelve  per  cent,  of  this  quantity,  and  calls  for  an  rf\aLlable 
volume  of  water  in  store  early  in  May,  or  at  the  beginning 
of  a  drought,  equal  to  about  one-eighth  the  mean  annual 
rainfall. 

Tlie  calculations  of  supply  and  drauglit  in  the  two 
monthly  tables  given  above  refer  to  mean  quantities  of  low- 
cycle  years,  and  not  to  extreme  minimums.  The  seasons  of 
minimum  flow,  which  are  also,  usually,  the  seasons  of 
maximum  evaporation  from  the  storage  resen-oirs  and  of 
maximum  domestic  consumption,  are  in  the  calculations 
supposed  to  be  tided  over  by  a  surplus  of  storage  provided 
in  addition  to  the  mean  storage  required  for  the  series  of 
low-cycle  years.  Tlie  storage  should  therefore  be  in  excess 
of  tlie  mean  deficiency  as  above  computed  at  least  Iwenty- 
five  per  cent.,  or  should  equal  at  least  fifteen  per  cent,  of  the 
mean  annual  rainfall. 

If  the  storage  is  less  than  fifteen  per  cent,  the  safe 
available  supply  is  liable  to  be  less  than  the  calculations 
given. 

If  the  area  of  the  storage  reservoir  is  greater  per  squan* 
mile  of  watershed  than  assumed  above,  the  loss  by  evapo- 
ration from  tlie  water  suiface  will  be  proportionate!}^  in- 
creased, and  must  be  compensated  for  by  increased  storage, 

74.  Utilization  oi  Flood  Flows.— The  calculations 
as  above  assume  that  fifty  per  cent,  of  the  aimual  niinfall 
is  the  available  annual  flow  in  the  stream.  The  remaining 
fifty  |>er  cent,  is  assumed  to  be  lost  through  the  various 
processes  of  nature  and  by  floods.  If  the  storage  is  still 
further  increased,  an  additional  ])ortion  of  the  flood  flow 
CAD  be  utilized,  and  sometimes  fifty  per  cent,  or  even  sixtj* 
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per  prat  of  the  annual  rainfall  utiliaed  for  domestic  con- 
nmpCioo,  or  ziiade  applicable  at  the  outlet  of  the  rp^a^^n'oir 
forpowvr.  Hence,  when  it  is  deedrpd  to  utilize*  tho  greatest 
pasabW  poition  of  the  flow,  the  storage  should  etpial  twenty 
or  nnfatv-five  percent  of  the  mean  annual  rainrall. 

78b  Qoalillcation  of  Deduced  Ration.— The  mtion 
of  flow,  eraporation,  and  consumption,  as  abore  uaed  in 
the  calculations  ar^  not  assumed  to  l>e  nniveraallj  ap|iU- 
cable,  bat  are  taken  as  safe  general  average  ratios  for  tlie 
Atlantic  Coast  and  Middle  Statics.  The  winter  ronnunip- 
tion  wfll  be  less  in  the  lower  Middle  and  Soutlu»ni  Statt*H, 
and  also  in  ver>*  efficiently  managed  works  of  Nt»rthrm 
Stales;  bat  the  summer  oonsumptiim  tends  to  !>«'  gri^ater  in 
tlie  lower  Middle  and  Southern  States,  when*  the  evapora- 
tiou  and  rainfall  are  greater  also. 

The  results  upon  the  Pacific  slop**  can  scarcely  l>e  gm- 
fraliiWHi  to  any  prolit,  since  within  a  few  hundred  miles  it 
presents  extremes,  from  rainless  desert  to  the  maximum 
rainfall  of  the  continent,  and  from  vaporless  atmosphen*  to 
constant  excessive  hamidit>'. 

79*  Indnenee  of  Htorsig^^^  ii|h>ii  a  t'oiitiiiiiouH 
Supply* — A  safe  general  estimate  of  the  maximunj  eontin- 
uous  supply  of  water  to  be  obtiiined  from  forty  incln?s  of 
annual  rain  upon  one  square  mile  of  wntersluHl,  jinnided 
the  storage  equals  at  least  fifteen  per  et-nl.  of  the  niinfall, 
gives  7  cubic  feet  (  =  62.36  gals.)  j»er  cupitJi  duiiv,  to  from 
13000  to  160(M)  persons,  dejjendent  upon  the  amount  of 
available  storage  of  winter  and  flood  flows;  or  say.  threo- 
quarteiB  of  a  million  gallons  of  waiter  daily. 

The  same  area  and  rain,  with  but  one  month's  defiriency 
storage?,  can  be  safely  counted  n]K)n  to  snpply  but  about 
persons  with  an  equal  daily  consumption,  or  167,000 
Ions  of  water  daily.     Prom  the  same  area  and  rain,  with 
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no  storage,  a  Hashy  stream  may  fail  to  supply  1.000  persons 
to  the  full  avemge  demand  in  seasons  of  severe  drought. 

Hence  the  imi)ortance  of  tlie  storage  factor  in  the  calcu- 
lation. 

The  above  estimates  are  based  upon  mean  rainfalls  of 
low-cycle  (§  47)  years ;  therefore  the  results  may  be  ex- 
pected to  be  twenty  per  cent  greater  in  years  of  general 
average  rainfall. 

80.  Artificial  Gatliering  AreaM, — \VTien  resort  is 
necessarily  had  to  impervious  aitificial  collecting  areas  for 
a  domestic  water  supply,  as  when  dwellings  are  located 
upon  vegetable  moulds  or  low  marsh  areas,  bituminous 
rock  surfacoSj  limestone  surfaces,  or,  as  in  Venice,  where 
the  sheltering  roofs  are  the  gathering  areas  of  the  house- 
holds, the  pro]x>rtion  of  the  rainfall  that  may  be  run  into 
cisterns  is  very  large.  If  such  cisterns  are  of  sufficient 
capacit}^  and  their  waters  protected  from  evaporation,  eighty 
per  cent,  of  the  rainfall  upon  the  gathering  areas  may  thus 
be  made  available,  though  special  provisions  for  its  clarifi- 
cation will  be  indisi^ensable. 

In  such  case,  a  roof  area  equivalent  to  25  feet  by  KX) 
feet  might  furnish  from  a  forty-inch  rainfall  a  continuous 
supply  of  3  cubic  feet  (=  22.44  gallons)  per  day  to  six  per- 
sons, which  would  be  abundant  for  the  household  uses  for 
that  number  of  persons. 

81.  Recapitulation  of  R4iinfiill  Ratios.— Recapitu- 
lating, in  the  form  of  general  average  annual  ratios,  relating 
to  tlie  mean  rainfall  upon  undulating  ciystalline  or  diluvial 
siuface  strata,  as  unit}^  we  have : 

Ratio  of  mean  ;innual  rainfall i.oo 

Ratio  of  mean  rainfall  of  lowest  ihrce-year  cycles.. •.••••«.., Bo 

Ratio  of  minimum  annual  rainfaU 70 

Ratio  of  mean  annual  flow  in  stream  (of  the  gWtsn  year's  rain) .00 
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RadocfiDeui  snmiDer  flov  m  stresm  (of  die  giveii  year's  ndc) ^5 

Ritio  of  low  sanuner  flow  in  streaxn        "  "  "  05 

Ratio  of  annual  aTailable  flow  in  soean  "  "  50 

Ratio  of  storage  necessair  to  make  available  50  per  cenu  of  anTinal  rain.       .15 
Ratio  of  general  cvaporatioa  fron  eanhs.  and  oonsnmpciarn  br  die  pro- 
cesses of  vegetation. .40 

Ratio  of  percolation  tfanmi^  &e  eaidi  (indaded  also  in  die  flow  oC 

streams) ^ 

Ratio  of  mean  rainfin  ooUectible  upon  impenrioos  aitifiaal  or  pnmaiy 

rock  suxiaoes. Jlo 

The  monthly  ratios  of  these  annual  ratios  are  to  be  taken 
in  ordinary  calcnlations  of  water  supplies,  and  each  annual 
ratio  to  be  subjected  to  the  proper  modification  adapting  it 
to  a  spedai  local  application. 

TABLE    No.    so. 
Ratios  of  Monthly  Rain,  Flow,  Evaporation,  axd  Consumption. 


Rtboa  cfaTerage  moothly  nin 
RitkM  of  aT.  monthly  flow  of 


5      «       «      E.  -   « 


1 1 ; " 

-75    -83    .y^  I.io  1  3Dl.f4  i.i«  i.ao  i.oo    ^5    .03    .I4 


n 


KitKMofaT.  monthly flowafstreuBa.'i.6s  1. 50  1.65  1.45  .8s  -75  -35  -*5  90  -451.a01.60 
RatknofaT.monthlycrap.  fromwateri  .30  .33  .50  .80  1.4$  1.70  i. is  1.00  t.45,  .75  .50  .3$ 
Katios  of  aTcni;e  moDtaiy  cxHuomp-        1  >        t       I        '        I        1        '        I        1 

tkmofwater. |X.o5i.xo    .90    .S5    .Qox.tDi.aox.asi.os    .90   .8s    .95 
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83.  Subterranean  Waters,— A  portion  of  the  niiii^ 
perhaps  one-foorth  part  of  the  irh<de,  distilled  upon  the 
smface  of  the  earth,  penetrates  its  soOs,  the  internees  of 
the  porooa  stiata,  the  crerioes  <^  the  rocks,  and  is  gathered 
in  the  hidden  reoesaea.  Theae  subterranean  resen-oire  were 
filled  in  the  nnexi^OTed  past*  and  their  flow  continues  in 
the  present  as  thej  are  replenished  bj  new  rainfalla. 

83.  Their  Source  the  Atmoi^phere. — We  find  no 
reason  to  suppose  that  Nature  duplicates  her  laboratory*  of 
the  atmosphere  in  the  bidden  recesses  of  the  earth,  from 
whence  to  decant  the  sparkling  springs  that  issue  along  the 
valleys-  On  the  other  hand,  we  are  often  able  to  trace  the 
course  of  the  waters  from  the  stcnm-clouds,  into  and  through 
tbe  earth  until  they  issue  again  as  plashing  fountains  and 
flow  down  to  tbe  ocean. 

The  clouds  are  the  immediate  and  only  source  of  supply 
to  the  subterranean  watercourses,  as  they  are  to  tbe  sur- 
taoe  streams  we  have  just  passed  in  review, 

TJie  subterranean  snj)plies  are  subject  indirectly  to 
mospheric  phenomena,  temperaliires  of  the  seasons,  si 
evaporations,  varying  rainfalls,  physical  features  of  tlie 
surface,  and  porosity  of  tlie  soils.  Elspecially  are  the  shal- 
low wells  and  springs  s*»nsitivt'ly  subject  to  these  inAtoooes. 

84.  Porosity  of  Earth.H  and  Rocks. — Respecting  the 
porofflty  and  absorptive  qualities  of  differi'iit  eaitha,  it  n)a_v 
be  observed  tliat  clean  silicious  sand,  when  tlirown  loosi^ly 
together,  has  voids  between  its  particles  equal  to  nearly 
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one-third  its  rolame  of  cubical  memeare ;  that  b.  if  a  ta^ 
of  ODe  cubic  yard  capadty  b  fiUed  with  qoafftaoid  aaad, 
then  from  thirty -to  thirty-fire  per  cent  of  a  cubic  rmxdfd 
water  can  be  poared  into  the  tank  with  the  sand  witfaom 

overflowing. 

Gravels  consisting  of  small  water-worn  stones  or  pebbke, 
intermixed  with  grains  of  sand,  has  ofdmarily  twenty  to 

twenty-fire  per  cent,  of  voids. 

Marl,  consit^ting  of  limestone  grains,  clays,  and  sQicioos 
Bands,  has  from  ten  to  twenty  per  cent,  of  voids,  according 
to  tbu  proportions  and  tboroughneaB  of  admixtnre  of  ita 

constituents. 

Pure  clays  have  innumerable  interstices,  not  eaaUy 
mrasured,  but  capable  of  absorbing,  after  thorough  drjing, 
from  eight  to  fifteen  per  cent  of  an  equal  volume  of  water, 

'Hie  wtLter  contained  in  clays  is  so  fully  subject  to  laws 
of  luolecular  attraction,  owing  to  the  minuteness  of  the 
individual  interstices,  that  great  pressure  is  required  to  give 
it  appreciable  flow. 

Water  flows  with  some  degree  of  freedom  through  sand- 
stones, limestones,  and  chalks,  according  to  their  textures, 
and  they  are  capable  of  absorbing  from  ten  to  twenty  jHjr 
cent,  of  their  equal  volumes  of  water. 

The  primary  and  secondary  formations,  according  to 

l(^cal  classification,  as  for  instance,  granites,  wriK'n- 
trappeans,  gneisses,  mica-slates,  and-argillaciX)ua 
schists,  are  classt^  as  impervious  rocks,  as  an*,  usually, 
the  several  strata  of  pure  clays  that  have  been  subjected  to 
peat  superincumbent  weight. 

The  crevicrf^s  in  the  impervious  rocks,  n'sultiu^  from 
nipture,  may,  however,  gather  and  lead  away,  as  itatural 
drains,  large  volumes  of  the  water  of  percolation. 

The  free  flow  of  the  jjercolating  water  toward  wells  or 
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spring,  18  limited  and  controlled,  not  only  by  the  porosity 
of  the  strata  which  it  enters,  but  also  by  their  inclinatioa, 
curvature,  and  continuous  extent,  and  by  the  impenaous- 
ness  of  the  underlying  stratum,  or  plntonic  rock- 

85»  Percolatious  In  the  Upper  Stnita- — Sliallow 
well  and  spring  supplies  an^,  usually,  yields  of  Mrat<»r  from 
the  drift  formation  alone.  Their  temperatui'es  may  be  va- 
riable, nsing  and  falling  gradually  with  the  mean  tempera- 
tures of  the  surface  soils  in  the  circuits  of  the  seasons,  and 
they  may  not  be  wholly  freed  from  the  influence  of  the 
decomjwsed  organic  surface  soOs.  Their  flow  is  abundant 
when  evaporation  upon  the  surface  ie  light,  though  slack- 
ened when  the  surface  is  sealed  by  frost. 

'  A  variable  spring,  and  it  is  tlie  stream  at  its  issue  that 
we  term  a  spring,  indicates,  usually,  a  flow  from  a  sliallow, 
porous  surface  stratum,  say,  not  exceeding  50  feet  in  depth, 
though  occasionally  its  variableness  is  due  to  p*H'uliar 
causes,  as  tlie  melting  of  glaciere  in  elevated  regions,  and 
atmospheric  pressure  upon  sources  of  intermittent  springs. 

Porous  strata  of  one  hundred  feet  in  depth  or  more  giv& 
comparatively  uniform  flow  and  temperature  to  sjirings. 

80.  The  Courses  of  Percolatiou.^ — Gravitation  tends 

I 

to  draw  the  particles  of  water  that  enter  the  eartli  directly 
toward  the  center  of  the  earth,  and  they  percolate  in  that  m 
direction  until  they  meet  nn  impervious  strata,  as  day, 
when  they  are  forced  to  change  their  direction  and  follow 
along  the  impervious  surface  toward  nn  outlet  in  a  valley, 
and  possibly  to  find  an  exit  beneath  a  lake  or  the  ocean. 

When  the  underlying  impervious  strata  has  considerable 
average  depth,  it  may  have  been  unevenly  deposited  in 
consequence  of  eddies  in  the  depositing  stream,  or  crowded 
into  ridges  by  floating  icebergs,  or  it  may  have  been  worn 
uito  valleys  by  flowing  water.     Subsequent  deposits  of 
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sand  and  gravel  would  tend  to  fill  up  the  concavities  and 
U)  t'vea  the  new  surfaoe,  hiding  the  iirt^ularities  of  the 
lower  strata  surface. 

The  irrvgularitiea  of  the  impemons  surface  would  liot 
be  concealed  from  the  percolatiiig  waters,  and  their  flow 
would  obey  tiie  rigid  laws  of  gmvitatioa  as  unswervingly 
as  do  the  showers  upon  the  surface,  that  gather  in  the  chan- 
nels of  the  rocky  hills. 

Springs  will  appear  where  such  subterranean  channels 
inU'fcopt  the  surface  valleys.  The  magnitude  of  a  spring 
will  be  a  measure  of  the  magnitude  of  its  subterranean 
gallierin^  valley. 

87.  Deep  Percolations. — The  deep  Jlow  supplies  of 
wells  and  springs  iirv.  derived,  usually,  from  the  older 
poroua  stratifications  lying  below  the  drift  and  recent  clays. 
The  stratified  rocks  yielding  such  supplies  have  in  most 
instances  been  disturbed  since  their  original  depositions, 
aud  tl»ey  are  found  inclined,  bent,  or  contorted,  and  some- 
times rent  asunder  with  many  fissures,  and  often  iuterce])ted 
hy  dykes. 

88.  Hubtcrranean  Reservoirs.— Subterranean  basins 
fitore  up  the  waters  of  the  great  rain  percolations  and 
deliver  them  to  the  springs  or  wells  in  constant  flow,  as 
surface  lakes  gather  the  floods  and  feed  the  streams  with 
even,  continuous  delivery.  A  concave  dip  of  a  porous 
stratum  lying  between  two  impervious  strata  presents  favor- 
able conditions  for  an  *' artesian"  well,  especially  if  the 
pomus  stratum  reaches  the  surface  in  a  broad,  concentric 
piano  of  great  cinnimference,  around  the  dip,  fonning  an 
ert*^nsive  gathering  an*a. 

Waters  are  sometimes  gathered  through  inclined  strata 
from  very  distant  watersheds,  and  sometimes  their  course 
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leads  under  considerable  hills  of  more  recent  deposit  thaaj 
the  strdtum  in  which  the  water  is  flowing. 

The  chalks  and  limestones  do  not  admit  of  free  percola-j 
tion,  and  are  unreliable  as  conveyers  of  water  from  distant 
gathering  surfaces,  since  their  numerous  fissures,  through  j 
which  the  water  takes  its  course,  are  neither  continuous  noi 
uniform  in  direction. 

89.  The  Uncertainties  of  Subterrane^ui  8earchefl»| 
— The  conditions  of  the  abundant  saturation  and  scanty] 
saturation  of  the  strata,  and  their  abilities  to  supply  wat 
continuously,  an^  very  varied,  and  may  change  from  th< 
first  to  the  second,  and  even  alternate,  with  no  surface  indi- 
cations of  such  result ;  and  the  subterranean  flow  may,  'm. 
many  localities,  be  in  directions  entirely  at  variance  with 
the  surface  slopes  and  flow.  ■ 

Predictions  of  an  ample  supply  of  water  from  a  given    ■ 
subterranean  source  are  always  extremely  hazardous,  imtil 
a  tliorough  knowledge  is  obtained  of  the  geological  posi-j 
tions,  thickness,  porosity,  dip,  and  soundness  of  the  strata, 
over  all  the  extent  that  can  have  influence  upon  the  flow  at] 
the  proposed  sliaft. 

Experience  demonstrates  that  water  may  be  obtained  inj 
liberal  quantity  at  one  point  in  a  stratum,  while  a  few  rods 
distant  no  water  is  obtainable  in  the  same  stratum,  aaj 
intervening  '*  fault"  or  crevice  having  intercepted  the  flow' 
and  led  it  in  another  direction.     Sometimes,  by  the  exten- 
sion of  a  heading  from  a  shaft  in  a  water-bearing  stratum, 
to  increase  an  existing  supply,  a  faiilt  is  pierced  and  th< 
existing  supply  led  ofl"  into  a  new  channel. 

90.  Renowned  Applieiiti<Mi  of  Oeolofflcal  Science.! 
— Arago's  pn^liction  of  a  stoiv  of  potable  water  in  the  de«^p-j 
dipping  grermsand  stratum  l>eneatli  the  city  of  Paris, 
one  of  the  most  brilliant  applications  of  geological  scie 
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to  useful  pnrposes.  He  Mt  keenly  that  a  maltitiide  of  hia 
fellow-ritizens  were  Buffering  a  general  physical 
tion  for  want  of  wholesome  water,  for  which  the 
of  the  niuguificent  capital  weiv  do  antidote.  With  a  fore- 
eigLt  and  energy,  snch  as  displays  that  kiod  of  g«oia«  0ml 
Cicero  believed  to  be  *' in  eonie  degree  iimiwd,"  he  pf»> 
Tailed  upon  the  public  Minister  to  ismngamto,  im^^jwmr 
1S23^  tliat  notable  deep  sablenaaeaa  explocatioa  at  6re- 
nello.  By  bis  eloquent  persnaskms  be  maiataiaed  and 
defended  the  enterprise,  notwithstanding  the  eighl  years  of 
khar  to  successful  issue  were  beset  with  diaeoBingmime^ 
aud  all  manner  of  sarcasms  were  showered  npoa  <be  pro- 
moters In  February,  1841,  the  augur,  cutting  aa  dgbi- 
inch  bore,  reachtHl  a  depth  of  1800  feet  9  inches,  whea  It 
suddenly  fell  eighteen  inches,  and  a  whizziDg  aonad  aa- 
BOunrM  that  a  stream  of  water  was  noQ^  md  the  wcO 
soou  overflowed. 

dl.  Conditions  of  OverflowiuK  Wella.  — Aa  over- 
flow results  only  when  the  surface  that  svppttea  tbe  water- 
bearing stratum  is  at  an  eleTation  superior  to  tbe  oufMe  of 
thi>  ground  where  tlie  well  is  locatedi  aad  (be  walcr-bearing 
Btratnm  is  contimNl  between  imperrions  sliBta.  In  such 
case,  the  hydrostatic  pressure  from  the  hi^icr  sourre  fiireee 
the  water  up  to  the  moutli  of  the  bore. 

92.  Inflnence  of  Wells  upon  Each  Other.— Tl)*- 
euccess  of  wells,  penetrating  d^-ep  into  large  gubt«-rnuj<nii 
bflfiins,  upon  their  first  compk^on.  lias  usually  Ind  to  th*  ir 
daplication  at  other  points  within  the  Bam»f  Ija^in.  aud  tl . 
flow  of  the  first  has  often  been  materially  checkt^i  o|jon  the 
rommenn^ment  of  How  in  the  second,  and  both  again  tqion 
the  commencement  of  flow  in  a  third,  though  meMier  was 
one  mile  of  either  of  the  others.  The  flow  of  the 
well  at  Greuelle  was  seriously  checked  by  the  open- 
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ing  of  another  well  at  more  than  3000  yards,  or  nearly  two 
miles  distant. 

The  successful  sinking  of  deep  wells  in  Europe  began  at 
Artois,  in  France,  in  the  year  1126.  The  name  '"Artesian," 
from  the  name  of  the  province  of  Artois,  has  been  familiarly 
associated  with  such  wells  from  that  date,  notwitlistanding 
similar  works  were  executed  among  the  older  natit>ns  many 
years  earlier.  Since  the  success  at  ^Irtois,  this  nietlKxl  lias 
been  adopted  in  many  towns  of  France,  England,  and  Ger- 
many, where  the  geological  structure  admitted  of  success. 
The  French  engineer  have  recently  sunk  nearly  one  hun- 
dred successful  wells  in  the  great  Desert  of  Sahara  ;  and 
Algeria  and  Northern  Africa  are  beginning  to  bloom  in 
waste  places  in  consequence  of  being  watered  by  the  pre- 
cious liquid  sought  in  the  depths  of  the  earth. 

9:5.  Ainericaift  AH^siaii  WellH. — Not  less  than  21 
yielding  weUs  liave  been  sunk  in  Chicago  varying  in  depth 
from  1200  to  1640  feet,  the  most  successful  of  which  is  tive 
and  one  Jialf  inches  diameter  at  the  bottom,  yielding  about 
900,000  gallons  of  water  per  24  hours.  The  usual  deptli  of 
the  Chicago  wells  is  reported  to  be  from  1200  tr>  13(H)  f^^eU 
and  the  average  cost  of  a  five-and-a-half-inch  well  $60(H)^  and 
for  a  four-and-a-iialf-inch  well  $5000,  for  depth  of  1200  feet 

A  well  for  the  Insane  Asylum  at  St.  Louis  has  n?eched 
a  dejith  of  3850  feet,  or  3000  feet  below  the  level  of  tlie  sea. 

Along  the  line  of  the  Union  Pacific  Railroad,  water  is 
obtained  at  certain  points  by  means  of  Artesian  wells,  for 
supplying  the  necessities  of  the  road. 

A  few  Artesian  wells  have  been  sunk  in  Boston,  but  the 
water  obtaiiunl  has  rarely  l)een  of  satisfactory  quality  for 
domestic  purposes. 

94.  \Vnt<*rKh<MlH  of  Wells.— The  watershed  of  a  deep 
subterranean  supply  is  not  so  readily  distinguishable  as  is 
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that  of  a  sorfiioe  stream,  tfattfcvsBftlly  has  ifei  Inut  spoa  tfa^ 


» 


crowQ  of  the  ridge  swieeping  mnmad  hs  upper 

The  Kubterranean  walerdted  may  posaifalr  lie  in  part 
be^'und  the  crowning  ridge^  when?  m  form  is  osuaDj  that 
of  a  concentric  belt,  of  raryii^  width  and  of  varrii^  sor- 
ike  incliDation.  A  carpfal  examination  of  the  posttioiiy 
nature,  aiid  dip  of  the  strata  only,  oaa  lead  to  an  aoconito 
tnce  of  itii  outlines. 

The  gmnolar  Bferactare  of  the  water-bearing  stiatum,  as 
a  vehicle  for  the  transmisBioD  of  the  p«^rcolaling  water,  is  to 
bpino^t  carofuUy  studied  ;  the  existence  of  foolt^  tliat  may 
divert  tlie  flow  of  i>ercolation  are  to  be  diligently  sought 
for;  and  the  j>oint  of  lowest  dip  in  a  concave  snbtorruoean 
ksin  or  the  lowest  channel  line  of  a  raUey-like  aablenm- 
nean  formation,  is  to  be  determined  with  care, 

A  depressed  Rubterranean  water  basin^  when  fir^t  dis-^ 
covered,  is  invariabl3*  fnll  to  its  lip  (ir  point  of  ovtTtlow. 
Its  extent  may  be  conifjaratively  large,  and  its  waterslu^ 
I'omjwratively  small,  yet  it  will  be  full,  and  nmiiy  centurii*s 
may  hare  elapsed  since  it  was  moulded  and  tirst  began  to 
trtoTp  the  precious  sliowen*  of  heaven.  A  few  drop?  nccn- 
malaUid  from  each  of  the  thousand  sliowers  of  each  d^.'^.-ade, 
may  have  tilled  it  to  its  brim  many  generations  since  ;  yet 
this  is  no  evidence  that  it  is  inexhaustible.  If  the  jx^rt^unial 
^faoght  exceeds  tlie  amount  the  storms  give  to  its  n'plen- 
isluwentn  it  will  surely  cease,  in  time,  to  yield  the  suqilus. 

Cnars*?  sands  will,  when  fully  expos^'d,  absorb  the 
;r  portion  of  the  showers,  but  such  sands  are  usually 
covered  with  more  or  less  vegetable  soil,  except  in  regions 
wfaero  showers  seldom  fall. 

Fissured  limestones  and  chalks  will  also  absorb  a  hirge 
portion  of  the  storms,  if  exposed,  but  they  are  rarely  en- 
tirely uncovered  excej)!  upon  steep  cliff  faces,  where  there 
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is  little  opportunity  for  the  storms  that  drive  against  them 
to  secure^  lodgement. 

05.  Evaporation  from  Soils.— Vegetable  and  surface 
soils  that  do  not  permit  free  percolation  of  their  waters 
downward  to  a  depth  of  at  least  three  feet,  lose  a  part  of 
it  by  evapomtion.  On  tlie  other  liand,  evaporation  opens 
the  surface  pores  of  close  soils,  so  that  they  receive  a  jKjr- 
tion  of  the  rain  freely. 

90.  Supplyiiijj:  Capacity  of  Wells  and  SpringK,— 
Percolation  in  ordinaiy  soils  takes  place  in  greatest  part 
in  the  early  spring  and  late  autumn  months,  and  to  a  lim- 
ited extent  in  the  hot  mouths.  In  cold  climates  it  ceases 
almost  entirely  when  tlie  earth  is  encased  with  frost. 

Permanent  subterranean  well  or  spring  supplies  receive 
rarely  more  than  a  very  small  share  of  their  yearly  replen- 
ishment between  each  May  and  October,  their  continuous 
flow  being  dependent  upon  adL*quate  subterranean  storage. 

Such  storage  may  be  due  to  collections  in  broad  basins, 
to  collections  in  numerous  fissures  in  the  rocks,  or  to  veiy 
gradual  flow  long  distances  through  a  porous  stratum  w^here 
it  is  subject  to  all  tlie  limiting  effects  of  retardation  included 
under  the  general  term,  friction. 

In  the  latter  case  a  great  volume  of  earth  is  satnrated, 
and  a  great  volume  of  water  is  in  course  of  transmission, 
and  the  flow  continues  bnt  slightly  diminished  until  aftiT 
a  drought  upon  the  surfm^e  is  over  and  the  parcheil  surface 
soils  are  again  saturated  and  filling  the  interstices  of  perq^ 
lation  anew. 

For  an  approximate  computation  of  the  volume  of  per- 
colation into  one  square  mile  of  porous  gathering  area, 
covered  with  the  ordinary  superficial  layer  of  vegetable  boU, 
and  under  usual  favorable  conditions  generally-,  let  ua 
assume  that  the  mean  annual  rainfall  is  40  inches  in  depth, 
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and  tliat  in  tin?  seasons  of  droughts,  or  the  son^alled  dry 
yeara,  60  per  cent  of  the  mean  monthly  percolation  will 
take  place. 

TABLE     No.    31. 

Percol&tton  op  Rain  into  One  Square  Mile  of  Porous  Soil. 

Aanimed  Mcbo  Annual  Rain  40  Inches  Oepdk. 
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Prom  springs^  with  the  aid  of  capacions  storage  peeer- 
Toirs,  it  luiglit  be  possible  to  ulilizrr  fiftj'  per  cent,  of  the 
above  volume  of  percolation.  From  toelh^  it  would  rarel}^ 
be  poflsible  to  atilize  more  than  &x>m  ten  to  twenty  iKtr  cent, 
of  the  volume. 

Fifty  per  cent  of  the  above  total  estimated  volume  of 
percolation  would  be  i*quivalent  to  a  contmuous  supply  of 
6  cubic  fi^t  per  day  eacli,  to  3391  i)er8on5,  or  126,828  gal- 
lons per  diem  ;  and  ten  per  cent  of  the  same  volume  would 
be  e<]iilralent  to  a  like  supply  (37.4  gals,  daily)  to  678 
pereons,  or  25,3%57  gallons  i>er  diem. 

Wells  sunk  in  a  gn^at  sandy  plain  bordering  upon  the 
oceaa,  or  bonlered  by  a  dyke  of  impervious  mateiial,  would 
give  greater  and  more  favorable  results,  for  in  such  case  the 
comlitions  of  subterranean  storage  would  be  most  favorable, 
but  such  are  exceptional  cases. 
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CHAPTER    YIII. 

IMPURITIES    OP    WATER. 

97.  The  Composition  of  Water.— If  a  quantity  of 
pure  water  is  separated,  chpinically,  tlie  constituent  paits 
will  be  two  in  number,  one  of  which  weighing  one-ninth  as 
much  as  tlie  wliole  will  be  hydrogen,  and  the  otlier  part 
oxygen ;  or  if  the  parts  of  the  same  quantity  be  designated 
by  volume,  two  jmrts  will  be  hydrogen  and  one  part  oxj'gen. 

Tliese  two  gases,  in  just  these  proportions,  liad  entered 
simultaneously  into  a  wondi-ous  union,  the  mystery  of 
which  the  human  mind  has  not  yet  fathomed.  In  fact, 
many  years  of  intense  intellectual  labor  of  such  profound 
investigators  as  Cavendish,  Lemery,  Lavoisier,  Volta,  Eluni- 
boldt,  Gay  Lusaac,  and  Dumas  were  consumed  before  the 
discovery  of  the  proportions  of  the  two  gases  tliat  were 
capable  of  entering  into  this  mystic  union. 

98,  HolutiuiiM  ill  Water. — K  two  volumes  of  oxygen 
are  pi-esented  to  two  volumes  of  hydrogen,  one  only  of  the 
oxygen  volumi?s  will  be  capable  of  entering  the  luiion,  and 
the  other  can  only  be  diffused  through  the  compound,  water. 

When  alcohol  is  poured  into  water  it  does  not  bt!Corae 
a  part  of  the  water,  but  is  diffused  through  it. 

This  we  are  assured  of,  since  by  an  ingenious  operation 
we  are  able  to  syphon  the  alcohol  out  of  the  water  by  a 
method  entirely  mechanical.  If  we  put  some  sugar,  or 
alum,  or  carbonate  of  soda  into  water,  the  water  will  cause 
the  crystals  to  separate  and  be  diffused  throughout  the 
liquid,  but  they  will  not  be  a  part  of  the  water    Tlie  water 
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might  be  evaporated  away,  when  the  sugar,  or  alum,  or 
would  have  retunied  to  its  crystalline  state.  In  these 
teed,  the  jjurplus  hydrogen,  tlie  alcohol,  aud  the  constitu- 
ents of  tlie  crystalline  ingredient  are  diffused  through  the 
water  as  impurities. 

If  in  a  niiuiing  brook  a  lump  of  nx!k  salt  is  placed,  the 
current  will  tlow  around  it,  and  the  water  attack  it,  and  will 
dissolve  some  of  its  particles,  and  they  will  l)e  diffus**d 
through  the  whole  stream  below,  A  like  effect  results  when 
miet  flows  across  a  vein  of  salt  in  the  earth.  In  like 
raaiuier,  if  water  meets  in  its  passage  over  or  throngh  the 
earth,  magnesium,  pota^^sium,  aluminium,  iron,  arwMiic,  or 
other  of  the  metallic  elements,  it  dissolves  a  part  of  them, 
they  are  diffused  through  it  as  impurities.  In  like 
niannnr,  if  water  in  its  passage  through  tlie  air,  as  in 
sbowpps,  meets  nitrogen,  carbonic  a<'id,  or  other  gases^ 
they  an:*  absorbed  and  are  diffused  through  it  as  impurities, 

99,  Pr«iiortii*H  aV  Wat<»r. — Both  oxygen  gas  iuid 
lijdrogen  gas,  wlien  pure,  are  colorless,  and  have  neither 
taste  nor  smell.  Water,  a  result  of  their  combination,  wh(»n 
pure,  19  transparent,  tasteless,  inr»dorr»tis,  and  colorless, 
excqjt  when  seen  in  considerable  dei)th. 

Tlie  solvent  jxiwers  of  water  exceed  those  of  any  other 
liquid  known  to  chemists,  and  it  Ims  an  extensive  range  of 
affinities.  This  is  why  it  is  almost  imj>ossibIe  to  S4X'un* 
water  fa»e  from  impurities,  and  why  almost  every  substance 
in  nature  enters  into  solution  in  water.  Tliere  is  a  proj^rty 
in  Hater  capable  of  overcoming  the  cohesive  force  of  the 
particles  of  matter  in  a  gn^at  variety  of  solids  and  liquids, 
and  of  oi'en'oniing  the  repulsive  force  in  gasep.  The  par- 
tides  are  then  distributed  by  molecular  activities,  aud  the 
tvsult  is  terme<l  solulion . 
Some  substances  resist  this  action  of  water  with  a  lai-ge 
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degree  of  success,  though  not  perfectly,  as  rock  crystal 
various  spars  and  gems,  and  vitrified  mineral  substances. 


100«  PhyHiologleal  Efifeets  of  the  Inipiirities  of 
Water. — When  we  remember  that  seventy-five  percent  of 
oui-  whole  body  is  constituted  of  the  elements  of  water,  that 
not  less  thau  ninety-five  per  cent,  of  our  healthy  blood,  and 
not  less  than  eighty  per  cent,  of  our  food  is  also  of  water, 
we  readily  acknowledge  the  important  part  it  plays  in  our 
very  existence. 

Water  is  directly  and  indirectly  the  agency  that  dissolves 
our  foods  and  sepanites  them,  and  the  vehicle  by  which  the 
appropriate  parts  aix^  ti*ansmitted  in  the  body,  one  part  to 
the  skin,  one  to  the  finger-nail,  one  to  the  eye-lash,  to  the 
bones  phosphate  of  lime,  to  the  flesh  casein,  to  the  blood 
albumen,  to  the  muscles  fibrin,  vU\  When  the  stomach  is 
in  healthy  condition,  naturt^  calls  for  water  in  just  the 
required  amount  thiough  the  sensation,  thirst  Good 
water  then  regulates  the  digestive  fluids,  and  repairs  the 
losses  from  the  watery  part  of  the  blood  by  evaporation 
and  the  actions  of  the  seeix^ting  and  exhaling  organs. 
Through  the  agency  of  perspiration  it  assists  in  the  regula- 
tion of  heat  in  the  body ;  it  cools  a  feverish  blood ;  and  it 
allays  a  parching  thirst  moi-e  effectually  than  can  any  fer- 
mented liquor.  Water  is  not  less  essential  for  the  n^gula- 
tion  of  all  the  organs  of  motion,  of  sight,  of  hearing,  and 
of  reason,  than  is  the  invigorating  atmosphere  that  ever  sur- 
rounds us,  to  the  maintenance  of  the  beating  of  the  heart 

If  from  a  simple  plant  tliat  may  be  toni  asunder  and  yet 
revive,  or  a  hydra  that  may  be  cut  across  tJie  stomach  or 
turned  wrong  side  out  and  still  retain  its  animal  functions, 
the  water  is  quite  dried  away,  if  but  for  an  instant,  man, 
with  his  wonderful  constructive  ability,  and  reason  almost 
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divine,  cannot  restore  that  water  so  as  to  return  tLe  activity 
of  life  and  the  power  of  reproduction. 

The  human  stomach  and  constitution  become  toughened 
in  time  so  as  to  resist  obstinately  the  pemicioue*  effects  of 
certain  of  the  milder  noxious  impurities  in  water,  but  such 
impurities  hare  effect  inevitably,  though  sometimes  so  grad- 
ually tliat  their  real  influence  is  not  recognized  until  the 
whole  constitution  has  suffered^  or  perhaps  until  vigor  is 
almost  destroyed. 

Note  the  effect  of  a  few  catnip  leaves  thrown  into  drink- 
ing water,  wliich  will  act  through  the  water  iipm  the  nerves ; 
or  an  excess  of  magnesia  in  the  water  wiU  neutralize  the  free 
acids  in  the  stomach,  or  lead  in  the  water  will  act  upon  the 
gums  and  certain  joints  in  the  limbs,  or  alcohol  will  act 
apou  the  brain ;  and  so  various  vegetable  and  mineral  solu- 
tions act  upon  various  parts  of  the  body. 

It  would  be  fortunate  if  the  pernicious  impurities  in 
wat(?r  affected  only  matured  constitutions,  but  they  act  with 
most  deplorable  effect  in  the  helplessness  of  youth  and  even 
before  the  youth  baa  reached  the  light.  Tliese  impurities 
Hlently  but  steadily  derange  the  digestive  organs,  destroy 
the  healthy  tone  of  the  system,  and  bring  the  living  tissues 
into  a  condition  peculiarly  predisposed  to  attack  by  malig- 
oant  disease. 

101,  Mineral  Impurities. — ^The  purest  natural  waters 
fom)d  upon  the  earth  are  usually  those  that  have  come 
down  in  natural  streams  from  granite  hills ;  but  if  a  thou- 
sand of  such  streams  are  carefully  analyzed,  not  one  of  them 
iriU  be  found  to  be  wholly  free  from  some  admixture.  This 
indicates  that  in  the  economy  of  natun^  it  has  not  been 
ordained  to  be  best  for  man  to  receive  water  in  the  state 
chemicallj'  called  pure.  A  United  States  gallon  of  water 
weighs  sixty  thousand  grains  nearly.     Such  waters  as  phxi. 
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sicians  usually  pronounce  good  potable  waters  have  from 
one  to  eiglit  of  these  graiaa  weight,  in  each  gallon,  of  certain 
impurities  diffused  through  them.  These  impurities  are 
usually  marshalled  into  two  general  classes,  the  one  derived 
more  immediately  from  minerals,  the  other  derived  directly 
or  indin*ctly  from  living  oiganisms.  The  first  are  termed 
mineral  impurities,  and  the  other  organic  impurities. 

The  mineral  impurities  may  be  resolved  by  tJie  chemist 
into  their  original  elementary  forms,  and  they  are  usually 
found  to  be  one  or  more  of  the  most  generally  distributed 
metallic  elements,  as  calcium,  magnesium,  iron,  sodium, 
pf)tassium,  etc.  Kas  extracted  they  are  found  united  with 
carbonic  acid,  tlieyare  in  this  condition  termed  earhonates  ; 
if  with  sulphuric  acid,  sulphates  ;  if  with  silicic  acid,  sill' 
cates;  if  with  nitiic  acid,  nitrates ;  if  with  jihosphoric  acid, 
pkos2^hales,  etc. ;  if  one  of  these  elements  is  formed  into  a 
compound  with  chlorine,  it  is  termed  a  chloride;  if  with 
bi-omine,  it  is  termed  a  bromide^  etc.  A  few  metallic  ele- 
ments may  thus  be  reported,  in  different  analyses,  under  a 
great  variety  of  conditions. 

liVZ.  Org^aiiie  Iiiii>uritieH« — There  are  a  few  elements 
that  united  form  organic  matter,  as  carbon,  oxygen,  hydro- 
g**n,  nitrogen,  sulphur,  phosphorus,  potawsiuni,  calcium, 
sodium,  silicon,  manganese,  magnesium,  chlorine,  iron,  and 
fluorine.  Certain  of  these  enter  into  each  orgjinizc^d  body, 
and  their  mode  of  union  thert»in  yet  remains  s»'aled  in  mys- 
tery. In  the  residts  we  recognize  all  animated  c;rtyitious, 
from  the  lowest  order  of  plants  to  the  most  perfect  quadru- 
peds and  the  human  species.  All  organic  bodies  may, 
however,  upon  the  extinction  of  their  vitality,  b*>  decom- 
posed by  heat  in  the  presence  of  oxygen,  and  by  fermenta- 
tion and  putrefaction. 

The  metallic  elements  are,  in  the  impurities  of  good 
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potable  waters*  osoallj  mach  in  exc«S9  of  the  or^oic  ele* 
ffleut;^  bat  tla*  coutainod  nitrogeuizt*d  oi^ganic  iiii|>(intii*8 
indicate  cont^kminutious  likely  to  bo  uiucU  mon*  liurmful  to 
ilie  cunstitutiotu  and  etipecially  if  iLey  art*  products  of  ani- 
mal decompositions. 

103,  Tables  of  Analyses  of  Potable  Waten*.— We 
will  quote  here  several  analyses  of  running  and  quiet  waters* 
that  have  been  used,  or  were  proposed  for  public  water 
supplies,  indicating  such  impurities  as  are  most  ordimirlly 
detected  by  chemists  in  water.  For  condensation  and  for 
convenience  of  comparison  they  are  arranged  in  tabular 
fornL 

TABLE     No.    32. 
AsTALTsis  or  VARIOUS  Lake,  Spring,  and  Well  Waters. 


till 

It  ^^ "I 

1=  i2  "^ 


■^ 


Prniaarbofute  of  Iruo.. 
Chbride  of  Sodium 

MaffoetiA... 

CAJctam.  ... 
,  "  Pnussitio... 
Afannc  CtHorfdes. . . . . . 

SnlphAis  of  LiB«  , 

**  Maffncaia... 

Pouub 

(Nituu 

Srvd« 

■fee  of  lAiac 

uf  Lime  ......... 

Mactioia..... 

OiUeariraa  ..    

AmmoQli.. 

Slica 

Oiyuk  Uattir 


ia 


ToCklSoa^. 


iile  Orir*nic  Miner. 
Harilim*.    Dcfreei    by 

rufk*«sai« 


a.65> 


.6n 


.JOB 


•is 


^65» 


il  l.s 


Mf 


.600 


-504 


■ojo 


true 


■■♦4, 
<J44 


J-OT* 


.l«o 

i'«4 

5.J16 


4.6s 
1.13 


tM 


trmcm 


»J,\ 


«7'7S«» 


.096 


■.tl 

tr«o« 


«'»9 


it 

31 


.SI6 


IK 


■«9S  trace 


]1i 


7.831 


"••44 


I 


H 


8:776 


3-4«9 


6«.6iig 


>  <X 


i».677 

4.0D 
toji     7.T4S 

4- WO 

7  935 

13.4S7 
M.«3> 


trace 


8.719 
ttwe 


•747 


>3-S49 


•««• 


35  as 


5-4« 
I.IM 
5.9»l 


3-559 

>»• 

V.«u 
treco 


-SJ» 


•y.jej 


•»• 
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^^^H                                                                                                    TAB  L^^ 
^^^^H                                                                     Analysis  of  various    1 

^^^H                The    qasntltfes    u-e   expressed    In 
^^^^^H              ffTvfnfi  per  V.  S.  Gallon  of  351  cubic 
^^^^^^    inches,  or  58,  j7artAAffrmins. 

I 

A 

ft- 

II 

?  ® 

ix 

1^  '  :: 

III 

ii 

s 

U 

use 

aCc 

^^^^^H                     ^»^».^*.  ..f  T  !«. 

1.059 

a.aox 

.77« 

IS 

.... 

.:3 

't 

-•9 
09 

■W 

..«7 

"jis 
.... 

tncs 

,67 

■« 

i4» 
'^ 

'^ 

mica 
•Jto 

^^^^H                                     Mimrrh 

^^M                      ^.'^"" 

'     ' 

•9- 

.■61 

^^^^^^K                      Catcluin 

^^^^^^^H                                 —   — 

^^^^^■~                                       and  Sodium.... 

^              Rnlnhitr  of  f  .imr 

^^^H                               

^^^H                                HoU«a 

^^^H             Silicate  of  PotasM... 

^^^H                               Soda 

^^^^^H              'fnimlr  ~f  1 'TTi* 

.... 

^^^^^H 

^^^^H              Irop  Alumina  aad  Pboiphales 

.... 

^^^^H 

:« 

.4* 

^^^^^H                            r\.^.ly    \Mm—m,w 

^^^H                       T*^-! 

».6Bs 

'3-35 

l»^ 

*4  •  • 

-43 

(U07 

.5< 

4-M 

7-7'9 

>7» 

>  •  •* 

•  ••• 

^^^^H              Soluble  Organic  Matter    . 

^^^H            Solid  resMue  obuined  00  evaporatioD. 

^^^H            Free  Carbonic  Acid    

^^^H             HaidneM,  Degree  by  CUrke's  Scale  .. 

^^^H               *  Notwithfltandlng  the  exceeding  Importance  of  an  intelligent  mleroBfoiri- 
^^^H           cml  ex&minfltion  of  each  proposed  doniefitic  water  supply,  In  addition  to  the 
^^^H          chemical  analrsifl,  no  record  of  such  examination  id  found  accompanring  the 
^^^^H           r«p«*rtti  upon  the  wat^^ra  herein  enunieratod.     Leuoes  of  the  hlgheot  microdcop- 
^^^H           ical  powera  nhnuld  be  used  for  such  purpose,  and  Immersion  lenses  are  required 
^^^H          ia  manv  Inntaaces. 
^^^H^               To  obtain  spedmonfl  of  sedimentary  matters,  the  sample  of  water  may  first 
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No.    3S. 

River  and  Brook  Waters.* 
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'^  &  dftj  in  A  deep,  narrow  dish,  and  then  have  its  clear  upper  water  Bjpboned 
^  The  remi^nder  of  the  water  may  then  be  ponied  into  a  conical  glass,  snch 
tfl,  or  BiiniUr  to^  the  graduated  glasses  osed  hy  apothecaries,  and  then  again 
aDowed  to  rest  until  the  sediment  Is  concentrated,  when  th«  gT«Kt«r  part  of  the 
cletr  water  may  be  carefully  syphoned  ofE  and  the  sediment  gathered  and 
^ivufened  to  a  slide,  where  it  should  be  protected  by  a  thin  glass  cover. 
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TABLE    No.    34. 
Analysis  op  Streams  in  Massachusetts.* 

(QuamitieB  in  Grains  per  U.  S.  Gallon.) 


< 


a 

n 


Merrimac  River— Mean  of  ii  cx- 
nminutions  above  Lowell 

Merrimac  River — Mean  of  12  ex- 
aminations above  Lawrence 

Merrimac  River — Mean  of  11  ex- 
aminations below  Lawrence.   . . . 

Blackstone  Rivei,  near  ^uinsig- 
amund  Iron  Works 

Blackstone  River,  just  above  Mill- 
burj- 

Blackstone  River,  bclovr  Black- 
stone  

Ouirtes  River,  at  Waliliam 

Sudbury  River,  above  Ashland. . . . 

Sudbury  River,  al  Concord 

Concord  Hivcr.  at  Concord 

Concord  River,  at  Lowell 

Ncponsct  River,  at  Rrad^Hlle 

Neponset  River,  below  Hyde  Park, 
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1.9B 
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"•75 

4.37 

X.66 

1. 21 

2.87 

2.36 

1.07 

3-33 

1.63 

2.50 

4.13 

2   22 

1. 31 

3.53 

1.80 

1.42 

3.22 

2.85 

1.59 

4-44 

1.40 

1.98 

3.38 

3.  to 

1.77 

3.87 

0.00 
.13 


.37 

.21 

.23 
.23 

.tS 

.20 
.26 
.29 
.30 


104.  Itiitios  of  Btaiulanl  Clalloiis.— A  portion  of  thk 
above  analyses  were  found  with  their  quantities  of  im- 
purities expressed  in  grains  per  imperial  gallon,  a  British 
standard  measure  containing  70,000  grainsj  and  some  of 
tliem  expressed  in  parts  j)er  100,000  jjarts.  They  have  all 
been,  as  have  those  following,  reduced  to  grains  in  a  U.  S. 
standard  gallon,  containing  58372.175  grains. 

The  degrees  of  hardness  are  expressed  by  Clark's  scale^ 
which  refers  to  the  imperial  gallon. 


*  Selected  from  the  Fifth  Annual  Report  of  the  Mass.  State   Board  of 
Health. 
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The  other  quantities  may  be  easily  redaced  to  eqaiva- 
lente  for  imperial  gallons,  by  aid  of  logarithms  of  the  quan- 
tities or  of  the  ratios : 

Imperial  gallon — No.  of  grains. 70000  Logaritlim,  4.845098 


U.  S.  gallon — No.  of  grains 58372.  ^75 

Ratio  of  imp.  to  U.  &  gallon 1.199201 

'*     of  U.  S.  to  imperial  gallon 833886 

^     of  cubic  foot  to  one  imp.  gallon. ..  6.33310 
"      "      "        '•     "     "   U.  S.      **      ...  7.48053 

"      "    one  imp.  gall,  to  one  cu.  ft 16046 

"  "   "  U.S.  "   "  "   "  " 13368 


4.766306 
0^078893 
1.931Z08 
0.794634 
0.873932 
1.205367 
i. 136066 


The  foUowing  analyses  of  various  well  waters  are  in  a 

more  condensed  form : 

TABLE     No.    38. 
Analyses  of  Water  Supplies  from  Domestic  Wells. 

(Quantities  in  Grains  per  U.  S.  Gallons.) 


Wbllw. 


Albany,  Capital  Park 

"      Lyditts  Street , 

"      average  of  several 

Boston,  Beacon  Hill 

"      Tremont  Street 

"      Long  Acre 

"      average  of  three 

"      Old  Artesian 

Brookline,  Mass 

Brooklyn,  L.  I 

"        average  of  several 

Charlestown,  Mass 

Cape  Cod 

Detroit.  Mich. 

Dajlon,  Ohio 

Dedbam,  Mass.,  Driven  Pipe 

"  "       Artesian 

Fall  River,  Mass.,  average  of  seventeen.. 

Hartford,  Conn.,  No.  I 

•'      No.a 

"      No.  3 

«      N0.4. 

«  "       N0.5...: 
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22 
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9.89 


10.01 


5.1a 

4>o8 

2$. 16 
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.85 

4.08 


2.41 


.13 
.II 

7.00 


65.20 
19.24 
48.69 
50.00 
26.60 
56.80 
44.46 
55-20 
13-97 
45-40 
48.83 
36.40 
13.43 
116.46 
56.50 
6.34 

5.19 
33.16 

19-33 
33.16 
37.10 
43.60 
69.05 


§2, 


2.17 

8.39 
3-44 

0-55 
9.32 
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Analyses  of  Water  Supplies  from  Domestic  Wells — {Cmiintud), 


Wklls. 


Indianapolis,  Ind 

Lowell,  Mass.,  average  of  fifteen 

London,  Eng.,  Lradcnhall  Street 

"      St.  Paul's  Churchyard... 

Lambeth,   "       

Lvnn,  Ma^s « 

Manhattan,  N.  Y 

"  "    average  of  several 

New  Haven,  Conn.,  average  of  five 

New  York,  west  of  Central  Park 

"  average  of  scvcml 

Newark,  N.  J.,  average  of  several 

Providence  R.  I.,  average  of  iwcniy-four 

•'      purest  of  " 

"      foulest  of 

Portland,  Me.,  average  of  four 

Pawtucket,  R.  1 


Paris,  France,  A  rtesian 

Rochester,  N.  V.,  average  of  several. 

Rye  Beach.  N.H 

Springfield,  Mass 


Schenectady,  N.  Y.,  State  Sucet. 
Taunton,  Mass 


Waltham, 


Pump. 


Winchester,  " 

M  14 

Woburn,  Mass.,  average  of  four. 


ft 


90.38 


38.95 


3405 
7.76 
56.99 
>3.35 
29.16 
25.08 
18.68 


6.08 

7.83 

8.81 

11.53 

14.83 

46.88 

90.14 

39.86 

7.68 

17.79 

4.00 

8.00 

10.80 

51.5a 


5.2 
OS 


9.59 


459 


8.83 

3.35 
34.12 

5.13 

3.03 

3.73 
3.63 


2.43 
2.03 

3.0t 
1.91 
3.08 
2.33 
3.98 
4.09 
4.0S 
7.46 
2.40 
3.40 
3.04 
4.60 


it 


6o.fX> 
39-J3 
99-97 
62.54 

83-39 
34.08 
104.00 
4Q.OO 
20.32 
43-S4 
58.00 
19.36 

33<» 
II. II 

81. It 

lfi.46 

33.19 

38.81 

33.30 

9.86 

30.00 

8.51 

9.85 

10.83 

13-44 
17.91 
49-21 
33.13 

43-95 
11.76 
35.35 
6.40 
10.40 
13.20 
56.13 


1^^ 


8.71 


ro.87 
7.70 

39.36 


105.  Atmospheric  Impurities.— The  constant  disin- 
tegration of  mineral  matters  and  tlie  constant  dissolntions 
of  organic  matters,  and  their  disseminations  in  tlie  at- 
mosphere, offer  to  falling  rains  ever-present  sources  of  ad- 
mixture,  finely  comminuted  till  just  on  the  vei^  of  trans- 
fonnation  into  their  original  elements.  The  force  of  the 
winds,  the  movements  of  animal?^)  the  actions  of  machinee^ 
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are  every  mompnt  producing  friction  and  nibbing  off  njinute 
particles  of  rocks  and  woods  and  textile  fabrics.  DecaAing 
organisms,  breaking  into  fibre,  are  caught  up  and  waited 
and  distributed  kither  and  thither. 

The  atmosphere  is  Uins  burdened  witli  a  mass  of  lifeleeB 
particles  pulverized  to  transparency. 

A  ray  of  strong  light  thrown  through  the  atmosphere  in 
the  iiight,  or  in  a  dark  room,  revimls  by  reflection  this  sea  of 
matter  that  vision  passes  t1u*ough  in  the  light  of  noon-day. 
These  matters  the  mists  and  the  showers  absorb,  and  dis- 
re  in  eolation. 

The  respirations  of  all  animate  beings,  the  combustions 
of  all  hearth-stones  and  fumaces,  and  the  decaying  dead 
animals  and  vegetables,  continually  evolve  acid  and  sul- 
phoroos  gases  into  the  atmoepbere.  Chief  among  the  del- 
eterions  gases  arising  from  decompositions  are  carbonic 
afid,  uitrouK  and  nitric  acids,  chlorine,  and  anunouia. 
These  are  all  soluble  in  water,  and  the  mists  and  showers 
absorb  them  freely.  Elirenberg  states  that,  exclusive  of 
iDor)Q;aiiic  substances,  he  lias  detected  tliree  Imndn^  and 
twenty  species  of  organic  forms  in  the  dust  of  the  winds. 
Hence  the  so-called  pure  waters  of  heaven  are  foult*d,  before 
lliL'j  Peach  the  earth,  with  the  solids  and  gases  of  eartiL 

lOG*  Sub-surface  Imiitirities. — The  waters  tlmt  flow 
O'Vcr  or  through  the  en^vices  of  the  graniU?s,  gneisst^s,  ser- 
peutin*^  trappeans,  and  mica  slates,  or  tlu*  silicious  sand- 
stones, or  over  the  earths  resulting  from  their  disintegrations, 
*iw  not  usually  impregnated  with  them  to  a  harmful  extent, 
tht'v  being  nearly  insoluble  in  pure  water. 

Thf*  limestones  and  chalks  often  impart  qualities  objoc- 
liouable  in  potable  waters,  and  troublesome  in  tlie  house- 
hold uses  and  in  processes  of  art  and  manufacture. 
The  drift  formation,  wherever  it  extends,  if  unpolluted 
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by  organic  remains  upon  or  in  its  surface  soil,  usually  sup- 
plies a  wholesome  water. 

The  pri'sence  of  carbonic  acid  in  \vater  adds  materially 
to  its  solvent  power  upon  many  ingredients  of  the  soil  that 
arc  often  present  in  the  drifts  such  as  sulphate  of  lime^ 
chloride  of  sodiiim,  and  magnesian  salts,  and  upon  organic 
matters  of  the  surface. 

Carbonic  acid  in  rain-water  that  soaks  through  foul  sur- 
face soils,  gives  the  water  power  to  carr}-  down  to  the  wells 
a  superabundance  of  impurities. 

The  i)n»s<m(^?  of  ammonia  is  a  quite  sun*  indication  of 
recent  contamination  with  decaying  organic  matter  capable 
of  yielding  ammonia,  whctlier  in  spring,  stream,  or  well. 
This  readily  oxidizes,  and  is  thus  converted  into  nitrous 
acid  and  by  longer  exposure  into  nitric  acid. 

These  acids  combine  Ireely  with  a  lime  base,  as  nitrate 
and  nitrite  of  lime. 

Analysts  attach  great  importance  to  the  nature  of  the 
nitrates  and  nitrites  present,  as  indications  of  the  nature  of 
the  contaminations  of  the  water. 

Some  of  the  subterranean  waters  penetrate  occasional 
strata  that  wholly  unlit  them  for  domestic  use.  A  portion 
of  the  carboniferous  rocks  are  composed  so  lar^ly  of  min- 
eral salts  that  their  waters  partake  of  the  nature  of  brine,  as 
in  parts  of  Ohio ;  in  the  Kanawha  Valley,  West  A'irginia; 
and  in  parts  of  New  York  State  ;  for  instance,  at  Syracuse, 
where  the  manufacture  of  salt  from  sub-surface  water  has 
assumed  great  commercial  importance.  In  other  sections, 
the  bituminous  limestones  are  saturated  with  coal-oils,  as  in 
the  famous  oil  regions  of  Pennsylvania.  The  dark  waters 
from  the  sulphurous  strata  of  the  Niagiira  gr«->up  of  the 
Oiitario  geological  division  are  frequently  impregnated  with 
suliihuretted  hydrogen. 
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All  along  the  western  flank  of  the  Appalacliian  chain, 
from  St.  lUbans  and  Saratoga  on  the  north  to  the  White 
Sttlphur  Springs  on  the  south,  the  frequent  rain»*ra]  npringft 
f^e  evidence  of  the  saline  sub-structure  of  the  lands,  while 
like  evidences  have  recently  become  conspicuous  in  certain 
I»onions  of  Kentucky,  Arizona,  New  Mexico,  Utah,  Califor- 
nia, and  Orvgon. 

107.  Deep- well  Iju  purities. — Deep  weU  and  spring 
waters,  except  those  from  dipping  sand  or  sandstone  strata, 
are  especially  liable  to  impregnations  of  mineral  salts. 

These  imparities  from  deep  and  liidden  sources,  when 
present  in  quantities  that  will  be  harmful  to  the  animal 
eangtitution,  are  almost  invariably  perceptible  to  the  taste, 
and  are  rejected  instinctively. 

108,  Hardening  InipuritieA. — The  solutions  of  salts 
of  lime  and  magnesia  are  among  the  chief  causes  of  the 
quality  called  hardneffs  An  water.  Their  carbonates  are 
brokoD  up  by  boiling,  for  the  heat  dissipates  the  carbonic 
acid,  when  the  insoluble  bases  are  deposite<l,  and,  with  such 
other  insoluble  matters  as  are  present,  form  incrustations 
such  as  are  S4X'n  in  tea-kettles  and  boilers  where  hai-d  watei-s 
have  been  heated.  The  oarlwnates,  in  moderate  quantities, 
*>«  leas  troublesome  to  human  constitutions  than  to  steam 
users.  The  effects  of  the  carbonates  are  termed  tem'porary 
^rdness.  The  sulphates,  chlorides,  and  nitrates  of  lime 
and  magnesia  ai*e  not  dissipated  by  ordinary  boiling. 
Their  effects  are  therefore  iemnHi  permanent  hardness. 

An  imperial  gallon  of  pure  water  can  take  up  but  about 
^0  grains  of  carbonate  of  lime^  when  it  is  said  to  have  two 
(it^'PR  of  hardness ;  but  the  presence  of  carlx>nic  acid  in 
the  water  will  enable  the  same  70,00(J  grains  of  water  to  dis- 
solve twelve,  sixteen,  or  even  twenty  grains  of  the  carbonate, 
When  it  will  have  twelve,  sixteen,  or  twenty  degrees  of 
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liardni^ss,  accoixling  to  the  number  of  grains  taken  into 
solution. 

These  salts  of  lime  and  magnesia,  and  of  iron,  in  water,! 
have  the  j)roj>erty  of  decomposing  an  equivalent  quantity; 
of  soap,  rendering  it  useless  as  a  detergent;  thus,  onei 
degree  or  grain  of  the  carbonate  neutralizes  Um  grains  of  < 
soa]) ;  two  degrees,  twenty  grains  of  soap ;  three  degreefl|i 
thirty  grains,  etc. 

This  source  of  wastetrom  foul  hai-d  waters,  which  extends' 
to  the  destruction  of  many  valuable  food  properties,  as  well) 
as  to  destroying  soap,  is  not  sufficiently  appreciated  by  the 
geneml  jiublic. 

It  may  be  safely  asserted  that  a  foul  hard  well  water/ 
will  destroy  from  the  family  that  uses  it,  more  value  eachj 
year  than  would  be  the  cost  in  money  of  an  abundant' 
supply  of  water  for  domestic  purposes,  fram  an  accessible 
public  water  supply ;  and  this  refers  to  purchased  articles 
merely,  and  not  to  destruction  of  human  health  and  energy, 
which  are  beyond  price. 

1C)9.  ToiuiM>nitiireH  of  Deep  Hiib-surface  Waters* 
— Ver}''  deep  wrll  and  t^priiig  waters  have,  upon  their  first 
issue,  too  high  a  temperature  for  drinking  purposes,  as  from 
the  artesian  wells  of  the  Paris  basin,  which  rise  at  a  tem-^ 
pemtuiv  of  82°  Fah.,  and  as  from  hot  springs,  among  which, 
for  illustration,  may  be  mentioned  the  Sulphur  Springs, 
Florida,  of  70^  Fah.,  the  Lebanon  Springs,  N.  Y.,  of  73°  F.; 
and,  as  extremes  of  high  temperature,  the  famous  geysers 
of  the  Yellowstone  Valley,  at  a  boiling  temjierature^  and 
the  large  hot  spring  near  the  eastern  base  of  the  Siena 
Nevadas  and  Pyramid  Lake,  whose  broad  pool  lias  a  tem- 
perature of  206°,  and  central  issue  212°.  The  springs*  at 
Chaudea  Aigues,  in  Prance,  have  a  temperatxire  of  176*'» 
and  the  renowned  geysers  of  Iceland,  of  212*', 
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Artesian  wells  have  temperatures  for  given  depths  ap- 
prosdmatelj  as  follows  : 


TABLE     No.    36. 

Artesian  Weix  Tempera tttres. 


Drpth  in  Fcc( 

Terapenturc.  deg,  Faih. 


zoo 


500 
S9 


1000 

6S 


X500 

7* 


85 


3SOO 

91 


3000 
loa 


HO.  I>(H*oniiK>siug^  Organic  ImpnritieiL— If  we  re- 
solve^ chemically,  a  piece  of  stone,  ore,  wckxI,  fruity  a  cup 

of  water,  or  an  amputated  animal  limb,  into  tlieir  simple 
^Imenta  within  the  limite  of  exact  chemical  investigation, 
we  shall  find  that  their  varied  compositions  and  propt-r- 
tiee  me  results  of  combinations,  substantially,  of  the  same 
few  elements ;  and  that  the  or^awic  substances— tliat  is,  snch 
iflare  tlie  result  of  growth  nnder  the  influence  of  tlieir  own 
ntality— are  composed  chiefly  of  carbon,  oxygen,  hydrogen, 
and  nitrogen,  with  spare  proportions  of  a  few  metalloids, 
«8  above  enumerated.  The  general  order  of  predominance 
of  the  gases  and  metalloids  is  not,  however,  quite  the  same 
in  mineral  as  in  organic  matters.  But  notwithstanding  this 
apparent  similarity  of  chemical  compositions,  there  is  a 
quality  in  organic  substances  accompanjing  the  vital  force, 
that  raakes  it  as  widely  different  in  essential  charm^teristics 
from  simple  mineral  compounds  as  life  is  from  death. 

The  mysterious  properties  which  accompany  only  the 
vital  force  do  not  submit  to  analyses  by  liuman  art.  They 
atv  known  only  by  tlieir  results  and  their  efffH-ts. 

In  the  natural  decomposition  of  animal  matters,  espe- 
<:ially  in  their  stage  of  putrefaction,  their  tflements  are  often 
in  a  condition  of  molecular  activity  that  will  not  admit  of 
tlieix  being  safely  brought  into  contact  with  the  human 
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circulation,  where  they  will  be  liable  to  induce  Bimilar  con- 
ditions. 

Witness  the  extreme  danger  to  a  surgeon  who  receives 
a  minute  quantity  of  animal  duid  into  a  sore  upon  his  hand, 
when  dissecting  a  dead  body,  even  though  the  life  has  been 
extinct  but  one  or  two  days. 

The  excreta  of  living  animals  also  passes  through  a 
decomposing  transformation,  in  wliicli  stage  they  cannot 
safely  be  brought  into  contact  with  the  human  circulation, 
however  finely  they  may  be  dissolved  in  water,  when  re- 
ceived. 

The  process  of  decay  in  dead  animal  bodies,  and  of  de- 
composition of  vegetable  substances,  is  quite  rapid  when 
moistui*e  and  an  abundance  of  atmospheric  air,  or  available 
oxygen  in  any  form,  are  present,  and  a  warm  temperature 
promotes  the  activity  of  the  elements  ;  hence  the  same  mat- 
ter does  not  long  remain  in  its  most  objectionable  state,  but 
from  the  multiplicity  of  bodies  on  every  hand,  a  constant 
source  of  jwUution  may  be  maintained. 

Potable  waters,  when  exposed  to  those  organic  matters 
in  proc<.'ss  of  rapid  decay,  meet  perhaps  their  most  fatal 
sources  of  natural  contamination,  thai  are  not  readily  de- 
ieded  by  the  etje  and  tongue. 

HI.  Vegetable  Organi*'  Impurities.— Nature  around 
us  swarms  with  an  abundance  of  both  vegetable  and  ani* 
mal  life,  in  air,  in  earth,  in  stream  and  sea,  and  therefore 
death  is  constantly  on  every  hand,  and  its  dissolutions 
meet  the  waters  wherever  they  fall  or  flow.  There  are 
numerous  plants,  trees,  insects,  and  animals  that  we  recog- 
nize day  by  day,  but  there  are  undoubtedly  species  and 
classes  more  innumerable  above  and  below,  that  we  can  dis- 
cover only  when  our  vision  is  aided  by  magnifying  lenses. 

Upon  the  meadow  pools  and  small  ponds  of  the  swamps, 
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Ipecies  of  microwopic  fungi,  not  unlike  the  mould  upon 
decaying  fiiiit,  though  less  luxuriant,  are  found  in  abun- 

» dance  by  searchers  who  suspect  their  pr^^seuce.  To  the 
igeueral  observer  they  appear  as  dust  upon  Uie  water  or 
igive  to  it  a  slight  ap|)earanco  of  opaqueness. 
There  are  species  of  fn'sli-water  alg2B  that  thrive  in 
I  abundance,  peculiar  to  all  seastms,  and  they  are  said  to  have 
Ixrn  found  in  the  heated  waters  of  l»oUing  spring  basins, 
and  also  in  healthy  life  within  an  icicle,  and  they  are  the  last 
of  life  high  up  on  the  mountain  slopes,  near  the  borders  of 
eternal  snows.  Ditches,  jwols,  springs,  rivers,  lakes,  and 
dripping  grottoes  liave  each  their  native  class.  In  stjignant 
waters  abound  the  oscillatoriae  of  dull-greenish  or  dark- 
parphah  or  bluish  color,  forming  dense  slimy  strata,  and 
B  tJie  brighter  green  zygenemas  which  float  or  lie  entangled 
I        among  tiie  water  plants. 

The  desmids  abound  in  the  early  spring  of  the  year,  and 
j       variotts  algae  flourish  in  the  autumn.    A  thrifty  fungus  of 
H   the  genus  Noctos  frequents  the  quiet  waters  of  lower  New 
England  and  the  Middle  States. 

Tliese  plants  at  their  dissolution  often  impart  an  oily 
I       appearance,  a  greenish  or  brownish  color,  and  a  somewhat 
H  otfensive  smell  to  the  water.    The  noctos,  wliile  in  active 
growth,  forms  part  of  the  green  scum  often  seen  upon  the 
surface  of  still  water.    Tlie  tisliy  smell  and  the  color  which 
thej  impart  to  the  water  in  decomposing  seems  to  be  largely 
I      dnp  to  an  essential  oil  which  they  give  out  when  breaking  up. 
■       112.   Vegetjil    Organisms     in    Water-Pipos. — A 
species  of  confervae  has  been  found  growing  and  multiply- 
ing rapidly  within  ^vater-pipes,  hanng  taken  root  in  the 
^    tine  organic  sedimeut  dejx)sit<»d   from    feeble  cnrrinits  of 
m  water  in  the  dead  ends  or  in  the  large  mains.    Tliese  micro* 
scopic  plants,  after  maturing  in  abundance,  are  detached 
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by  the  current,  decompose,  and  impart  an  appreciable 
amount  of  odor  and  taste  to  the  water,  reduce  its  transpar- 
ency and  give  a  slight  tinge  of  color, 

113.  Aiibiiate  Org:ajiic  Impurities. — ^The  waters  are 
not  less  pregnant  with  animate  than  vegetal  life.  The  mi- 
croscope has  here  extended  our  knowledge  of  varieties  and 
numbers  of  species  also,  especially  in  waters  infused  with 
organic  substances. 

The  tiny  infusoria  were  first  discovered  in  strong  vegeta- 
ble infusions,  hence  the  name  given  to  them ;  but  with  the 
extension  of  microscopical  science,  the  class  has  been  ex- 
tended to  include  a  variety  of  animate  existences^  fix)m  the 
quiet  fresh  water  sponge  to  the  most  energetic  little  creatures 
that  battle  ferociously  in  a  drop  of  water. 

Dr.  Grace  Calvert  has  shown*  that  when  albumen  from 
a  new  laid  egg  is  introduced  in  pure  distilled  water  and 
exposed  to  the  atmosphere,  minute  globular  bodies  soon 
appear  having  independent  motion.  These  he  denominated 
monads. 

Their  appearance  was  earlier  in  lake  w^ater  than  in  dis- 
tilled water,  and  earliest  and  mo^t  abundant  in  solutions 
of  largest  exposure  to  the  atmosphere. 

These  monads  have  diameters  of  about  T^^Vmr  ^^  ^^ 
inch ;  in  their  next  successive  stage,  of  about  jttJtft  o^  *d 
inch  ;  and  then  of  about  jpjVff  ^^  ^^  inch.  He  denominates 
them  vibrios  in  the  two  last  stages.  Then  they  change  into 
cells,  having  power  to  pass  over  the  field  of  the  microscope 
rapidly. 

The  albuminous  products  of  decaying  leaves  and  plants 
in  water  also  promote  the  generation  of  aquatic  life,  and 
dead  animal  substances  are  almost  immediately  inhabited 
by  a  myriad  of  creatures. 
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!  discassion  npoD  the  qae^on  of  fpoDtaneous  gene- 
ratioa  in  progress  at  tlie  opening  of  our  centeaxual  year,  b 
adding  many  new  and  interesting  experimemal  reunite  to 
the  reseanrheB  of  Pasteur  and  Schroeder,  ivlating  to  the 
propagation  of  bacterial  life  from  atmospheric  mtite  germs» 
and  the  agency  of  gorras  in  t!ie  spread  of  eptdemic  eonta^qa. 
Pn)f.  Tyndall  and  Dr.  Bastian,  the  leading  contrnveraialiBtB 
in  ibis  discussion,  are  agreed  tliat  both  vegetable  and  animal 
iofnsions,  if  exposed  to  the  summer  atmosphere,  will,  ordi- 
narily, abound  in  bacterial  life  in  about  three  days. 

Tliere  are  also  in  the  strt^ams  and  lakes  the  lai^^ 
zoophytes,  mollnsra,  artimlata,  and  cmstarea,  pome  of  which 
are  familiar  products  of  the  waters,  and  also  tish  in  great 
variety. 

But  all  of  these  do  not  pass  through  the  objectionable 
pntrpfactive  stage  described  above,  Tlie  weaker  classes 
are  food  for  the  stronger,  and  the  smaller  of  some  classes 
food  for  the  larger  of  the  same  class.  Of  the  many  that 
come  into  being,  comparatively  few  survive  till  a  natural 
death  terminates  their  existence,  but  each  devours  others 
for  a  substantial  jmrt  of  its  own  nourishment,  and  hides, 
fights,  or  retreats  to  preserve  its  own  existence. 

114-  Propairntioii  of  Aquatic  OrgraniMnift.— A  warm 
twiiporature  of  botli  air  and  water  are  requisite  for  the  abun- 
propagation  of  aquatic  life.    The  presence  of  a  consid- 
Imble  amount  of  either  vegetable  or  animal  impurities  in 
the  waters  seems  also  a  requisite  for  the  lower  grades  of  life. 
How  far  certain  electrical  influences  in  the  air  and  water 
control  tlie  results  are  not  yet  determined.     Certain  it  Is, 
however,  that  the  microscopic  creatures  sometimes  swarm 
snddenly  in  abundance  in  quiet  lakes  and  pools,  in  a  seem- 
ingly unaccotintable  manner,   n^main  in  abundance  for  a 
few  days,  or  possibly  a  few  weeks  in  rare  seasons,  and  then 
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as  mysteriously  disappear.  Thei-e  is  a  similar  api)earance 
of  microscopic  plants,  when  all  tlienatui-al  conditions  favor- 
able thereto  occur  simultaneously,  but  their  coming  cannot 
always  be  predicted,  neither  can  the  time  of  their  disap» 
l^eai-ance  be  foretold. 

A  ver}"-  brief  existence  is  allotted  to  a  large  share  of  the 
minute  vegc'tal  and  animate  aquatic  beings  we  have  had  in 
consideration.  Perhaps  the  greater  share  of  the  animate, 
count  scarce  a  single  circuit  of  the  sun  in  their  whole  term ; 
others  soon  pass  to  a  higlier  stage  in  their  existence,  and 
are  tliereafter  terrestrial  in  their  habits. 

115-  Piiriiyiug  Office  of  Aquatic  Life,— One  of  tlie 
chief  offices  of  the  inferior  inhabitants  of  the  waters  is  to 
aid  in  their  purification  by  devouring  and  assimilating  the 
dead  and  decaying  organic  matters. 

The  infusorial  animalcnlro  are  undoubtedly  encouraged 
in  their  prupagation  by  the  presence  of  impui'ities  so  laras 
to  be  an  unmistakable  indication  of  such  impurities;  and 
they,  on  the  other  hand,  attack  and  destroy  such  impurities 
for  their  own  nouiishmeut,  when  they  are  devoured,  and 
their  devourers  devoured  by  higher  existences,  till  tlie  last 
become  food  for  fisli  that  constitutes  a  food  for  man. 

This,  and  this  only,  is  the  proper  channel  through  which 
the  decomposing  organic  impurities  in  water  should  reach 
the  human  stomach,  having  by  Nature's  wonderful  pro- 
cesses of  assimilation  been  first  converted  into  superior 
living  tissues. 

A  great  variety  of  fish  are  daily  consumed  for  our  food, 
also  of  raoilusca  from  salt  water,  as  clams,  oysters,  and  mus- 
sels, also  of  cnistacea,  as  lobsters,  ombs,  shrimp,  etc.;  hence 
we  infer  that  the  higher  orders  of  fresh  water  inhabitants  an? 
not  harmful  while  living  therein,  and  are  nourishing  as  food, 
if  consumed  wliile  the  influence  of  tlieir  \ital  force  remains. 
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of  oxygen  apoo  orgfkxuc  bodies  teodB  nJwajs 
3)owerful]y  to  d«^coiupo5itiony  bat  is  ooiuilenctod  bj  the 
TitaL  force.  When  tlie  rital  force  eeaRS  thea  deeompoei- 
tion  soon  begins,  and  then  the  body  acted  apoo  is  aniitted 
for  the  human  digestive  organs. 

il<>.  liitiiiiHte  Relation  l>etween  Grade  of  Orj^n- 
IriDis  and  Quality  of  Water. — The  grade  and  character 
of  the  growths  in  ^^esh  water  are  almost  inrariably  reliable 
teflts  of  the  quality  of  the  water^  and  if  the  plants  be  iln&- 
grained,  tfrro,  and  delicate  in  outline,  or  the  fiah  trim  in 
fonu,  lithe  in  motion,  and  fine  in  flaror,  the  water  Is  most 
sun*  to  be  gtKjd. 

117*  Auiiuato  Or^niHina  in  Water-Piiies^— Nearly 
all  of  the  animate  aquatic  exifltenoes  most  ritse  frequently 
to  die  water  sorliEice  to  secore  their  necessary'  share  of  at- 
Tuospheric  oxygen.  If  any  of  them,  not  having  tracheal 
IJIk  or  th^  equivalents,  to  enable  them  to  breathe  a  long 
time  Odder  water,  are  drawn  into  the  pipes,  and  are  thus 
cut  off  &x>m  ihw  supply  of  oxygen,  they  soon  perish. 
Thpn,  if  the  water  is  not  of  low  temj)erature,  their  decom- 
poidtion  soon  commences,  and  an  offensive  gas  &om  their 
iHxhps  enters  intn  wlution  with  the  water. 

U8.  Abru>9ion  Lmpiuitien  in  Water.— The  most 
ptonunent  soorciis  of  the  frictional  impurities  are  the  banks 
of  clay  and  sand  bordering  upon  the  running  streams,  and 
tbe  plowed  fields  of  the  hillside  farms.  The  movement 
€f  tbeee  sedimentary  matt^^rs  iu  suspension  is  dependent 
iv^y  upon  the  force  of  storms  and  floods,  and  in  the  ma- 
jodty  of  streams  their  movement  is  rapid  toward  the  sea, 
HiqraiemasBed  in  foundations  of  lagoons  and  islands. 
VnBk  (kem  are  swept  away  a  ^reat  bulk  of  the  matured 
pnidocts  of  Tvgetetion  that  annually  ripen  in  the  forest,  the 
Ud,  and  upon  the  banks  of  tlxe  streams. 
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119,  Agrricultiiral  Iiuimrit1e8. — It  remains  now  to  re^ 
view  in  outline  the  artificial  impurities,  which  are  always 
to  be  sliuoiied  if  known  to  be  present^  and  are  to  be  sus- 
piciously watched  for,  as  secret  poisons  lurking  in  the  clear 
and  sparkling  water. 

These  are,  it  is  true,  compounds  of  mineral  and  organic 
matters,  similar  in  many  respects  to  those  already  cnn- 
Bidered. 

Nature  provides  prompt  acting  mnedies  for  such  nox- 
ious impurities  as  she  presents  to  the  waters,  and  the 
seasons  of  most  rapid  fouling  Imve  the  most  abundant 
purifying  resources.  But  when  great  bulks  of  deconiptis- 
ing  organic  matters  are  mass<*d  and  are  permitted  to  foul 
the  streams  with  a  blackening  flow  of  disease-inducing 
dregs,  such  as  are  washed  from  fertile  gardens,  or  pour 
from  manufactories  and  sewers,  no  adequate,  prompt,  na- 
tural remedy  is  at  hand. 

One  of  the  first  results  of  the  massing  of  people  together 
is  an  increase  in  degree  of  fertilization  of  the  land  of  their 
neighborhood,  and  thus  the  lands  over  and  through  which 
their  watei-s  fltnv  are  mixed  witli  concentrated  decomposing 
vegetable  and  animal  products. 

15JO.  Muiiufaetiirinfr  Iinimritif*H.  —  Manufactories, 
especially  such  as  deal  with  organic  products,  are  prolific 
sources  of  contamination.  Among  their  operations  and 
refuse  may  be  enumerated  as  prominent  polluters,  washings 
of  wool  and  vegetable  dyes  of  woollen  mills,  washing  of  old 
rags  and  foul  linens  of  paper-mills,  the  hair,  scrapings, 
bark,  and  liquors  of  tanneries,  the  refuse  and  liquors  of 
glue  factories,  bone-boiling  and  soap-works,  pork  render- 
ing and  packing  establishments,  slaughter-houses  and  gas- 
works. 

181.  Sewiige  IiiipuritleH,— Most  foul  and  fearful  of  all 
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tte  artificial  pollutions  which  ignorant  and  cavdesB  hnman- 
it^pennits  to  reach  the  streams  are  the  drainage  of  cesspoolfl^ 
aevers,  pig-styea,  and  stable-yards. 

The  man  who  permits  his  femilj  to  use  waters  imjHeg- 
Dated  with  fecal  substances  that  the  bodies  of  other  persons 
or  animals  have  already  excreted,  and  the  anthcvities  who 
pemiit  their  citizens  to  use  such  waters,  opens  for  them 
freely  the  gates  to  aches  and  pains,  weaknesses  of  body  and 
ndod,  injuries  of  tissues  and  blood,  attacks  of  chronic  dis- 
CBBes  and  epidemics,  and  sorely  pennits  destmction  of 
their  rigor,  shortens  their  average  life,  and  also  d^enerates 
the  entire  existence  of  the  generation  they  are  rearing  to 
succeed  them,  whom  it  is  their  duty  as  well  as  pleasure  to 
dierish  and  protect. 

There  is  no  community,  there  are  very  few  fiunilies,  and 
fiomparatively  few  animals  without  disease.  In  large  com- 
mmiities  there  is  rarely  a  time  when  some  virulent  disease 
doea  not  exist 

The  products  of  the  humors  and  fevers  of  each  individual 
hiarge  part  escapes  from  the  body  in  the  feces  and  urine. 
If  drinking  water  is  allowed  to  absorb  these  festering  mat- 
ten,  either  in  the  ground  or  in  the  stream,  it  transmits  them 
directly  to  the  blood  and  tissues  of  other  individuals,  and  a 
hiadred  deaths  may  result  from  the  evacuations  of  a  sin^e 
diseased  person. 

122.  Impure  Ice  in  Drinking  Water. — Ice  is  now 
80  generally  used  in  drinking-water  in  summer,  to  cool  it 
immediately  before  drinking,  that  the  people  should  be 
larned  against  such  use  of  ice  gathered  from  water  that 
ronld  have  been  unfit  for  drinking  before  freezing.  Chem- 
itry  has  folly  demonstrated  that  ice  is  not  entirely  purified 
Y  the  process  of  crystallization,  as  has  been  i>opularly 
dieved. 
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The  impuritieB  that  are  in  that  portion  of  water  that 
freezes,  some  of  which  have  just  been  brought  from  the 
bottom  by  the  vertical  circuhition  that  occurs  when  water 
is  chilled  at  the  surface,  are  caught  among  the  cnstals  and 
preserved  there,  as  even  fresii  meats,  and  fruits  might  be 
presei-ved.  The  process  of  puHHcation  of  the  water  that 
would  have  gone  on  by  tlie  oxidation  of  the  impurities,  is 
checked  when  they  are  suiTounded  by  the  ice  crystals,  and 
proceeds  again  when  the  ice  melts. 

An  instance,  of  much  notoriety,  of  the  effects  of  impure 
Ice,  was  tliat  of  the  sickness  among  the  numerous  guests, 
during  the  season  of  1875,  at  one  of  the  Rye  Beach  hotels, 
a  popular  I'esort  on  the  New  Hampshire  coast. 

The  sickness  liere,  confined  to  one  hotel  in  the  early  part 
of  the  season,  was,  after  much  search  by  an  expert  physi- 
cian, traced  unmistakably  to  the  ice,  which  was  gathered 
from  a  small  stagnant  pond,  and  all  the  peculiar  anplea- 
aant  symptoms  ceased  when  the  source  was  located  and  a 
purer  supply  of  ice  obtained. 

An  anal^'sis  of  the  impure  ice  in  question,  by  Professor 
W.  R.  Nichols,  gave  the  following  result^  by  the  side  of 
which  is  placed  a  like  analysis  of  water  from  Cochitnate 
Lake,  for  the  purpose  of  comparison : 


lex  moM  Staghakt 

Pond. 

W*TEii  raott 

COCHITITATS 

Laxs. 

Grains  m  U.  S.  Cau 

Gmuysm 
U.S.  Gal. 

Aninioniii.         •.•.**...»4«*. 

t/mJfUend.      FUierni. 
aoi2i     1    a.oi2j 

Albuminoid  Ammonia .k^a*. .•..««>■ 

0.041a 
4.55 

3.33 

.0096 
4.01 

f  fM 

0.0068 

Inoimnic  Mnici'       ..    ..« «*.«■■» 

t.6i 

Civmnlc  ATii\  Volntilc  Matter 

X  39 

Total  solid  residue  at  212^  Fahrenheit. . 
Chlorine 

7.88 

5.67 

1.88 
0.495 

a.83 
.ift 

Uxygcn  required  lo  oxidize  organic  matter. 
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A  Scientific-  Defliiitiou  of  PoUnted  Water.— 

Subj«>c%  as  the  sen^tive  water  is,  to  ianuini'rahle  detenom- 
ting  and  pohiyiiig  iutiueDct'ts  in  its  tniasTorniatioDS  and 
varied  coarse  from  the  atmospbetv  to  tlie  hoodehold  foan* 
tain,  it  becomee  of  the  grvatt^  sanitarr  importance  to  know 
when  the  deteriomting  influenct's  elill  pn?dc»imiiati\and  when 
fuitlier  piuitication  is  esseudal  for  the  well  being  of  the 
oousumers. 

Profeasor  Frankland,  an  eminent  English  anthoritj  cm 
the  quality  of  drinking  water,  ha^  clearly  defined  a  mini- 
miuii  limit,  when,  in  his  opinion,  water  contains  sufficient 
toechunical  or  chemical  impurities,  in  snf^nsion  or  solu- 
tion, to  entitle  it  to  be  considert^  bad,  or  a  polluted 
liqtiid,  riz. : 

<a.)  Every  liquid  which  lias  not  been  submitted  to  pie- 
cipitAlion  produced  by  a  perfect  n^|)Ose  in  reservoirs  of  suf- 
ficient dimensions  during  a  period  of  at  least  six  hours ;  or 
which,  having  been  submitted  to  pn'cipitation,  contains  in 
sTi.si)t.»nsion  more  than  one  part  by  weight  of  dry  organic 
matter  in  1(X;,000  parts  of  liquid  ;  or  which,  not  having  Ik**mi 
subtuitU^  to  precipitation,  contains  in  suspension  more 
than  3  parts  by  weight  of  dry  mineral  matter,  or  1  part  by 
"'eiglit  of  dry  organic  matti*r,  in  100,000  jjart«  of  liquid- 

(J.)  Every  liquid  containing  in  solution  more  than  2 
parts  by  weight  of  organic  carbon  or  3  parts  of  oiganic 
nitrogen  in  100,0<JO  parts  of  liquid. 

(<?.)  Every  liquid  which,  when  placed  in  a  white  porce- 
lain vessel  to  the  depth  of  one  inch,  exliibits  under  daylight 
a  distinct  color. 

id.)  Every  liquid  which  contains  in  solution,  in  every 
lOO.OOO  parts  by  weight,  more  than  2  parts  of  any  metal, 
except  calcium,  magnesium,  potassium,  and  sodium. 

(e.)  Every  liquid  which  in  ever}'  100,000  parts  by  weight 
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contains  in  solutionj  suspension,  chemical  combination,  or 
othen^ise,  more  than  0.5  of  metallic  arsenic. 

(/,)  Every  liquid  which,  after  the  addition  of  sulphuric 
acid,  contains  in  every  100,000  parts  by  weight  mort?  than 
1  part  of  free  chlorine, 

{g,)  Every  liquid  which,  in  every  100,000  parts  by 
weight,  contains  more  than  1  part  of  siilphur.  in  the  slate 
of  sulphuretted  hydrogen  or  of  a  soluble  suli>huret. 

(A.)  Every  liquid  having  an  acidity  superior  to  that  pro- 
duced by  adding  2  parts  by  weight  of  hydrochloric  acid  lo 
1,000  parts  of  distilled  water. 

(/.)  Eveiy  liquid  having  an  alkalinity  greater  than  that 
produced  by  adding  1  part  by  weight  of  caustic  soda  to 
1,000  parts  of  distilled  water. 

y.).  Every  liquid  exhibiting  on  its  surface  a  film  of 
petrolenra  or  liydrooarbon,  or  containing  in  suspension  in 
100,000  parts,  more  than  0.5  of  such  oils. 
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CHAPTER    IX. 

WELL,    SPRING.    LAK£,   AND   RIVEB   SUPPLIES. 

It  remaiiLs  now  to  add  to  these  general  theories  respect- 
ing the  purit}'  of  water  some  special  suggestions  relating  to 
the  selection  of  a  potable  water. 

WELL    WATER. 

134*  Location  for  Wells. — We  have  seen  that  the 
of  water  supply  to  wells  is,  )iuin*Kliately,  the  rain, 
"and  that  in  the  vicinity  of  dense  xx)pulations  the  rain  readies 
tho  surface  of  the  earth,  already  polluted  by  the  impurities 
of  the  town  atmosphere. 

In  the  open  country,  the  water  reaches  the  ground  in  a 
tolerably  pure  condition,  and  by  judicious  selection  of  a 
for  a  well,  its  water  may  usually  be  procured  of  excel- 
It  quality.  Country  wells  must,  however,  be  entirely 
separated  from  the  drainage  of  the  stable  j^ards,  muck 
beapn,  and  honse  sewerage,  and  from  soakage  through 
highly  fertilized  gardens. 

In  towns,  snrfac4>  snils  are  continually  recipients  of 
honi?ehold  refuse,  manures,  and  sewer  liquors,  and  of  dead 
and  decaying  animal  matters. 

These  have,  by  abundant  examples,  been  proved  to  be 
the  most  dangerous  of  the  ordinary  contaminations  of  shal- 
low wells. 

The  strictly  mineral  impurities,  to  which  all  wells  are 
to  some  extent  subject,  are  not  usually  injurious  to  human 
constitutions,  thougli  in  districts  where  lime  is  present  in 
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the  soil  in  considerable  quantity,  the  resulting  hardness 
inconvenient  and  indirectly  expensive. 

An  intelligent  examination  of  the  positions,  dip,  and 
porosity  of  the  earth's  superstrata  in  the  vicinity  of  a  pro- 
posed well  will  be  a  more  infallible  guide  to  its  location 
where  it  will  }ield  an  unfailing,  abundant,  and  wholesome 
supply,  than  will  reliance  upon  '* hazel  forks*'  and  '* divin- 
ing rods,"'  in  which  the  superstitious  have  evinced  faith  and 
by  which  they  have  often  been  deceived. 

135.  FoiUiug  of  Old  Wells.— The  table  of  analyses 
of  well-watc^rs  above  presented  (page  121,  et  seq. )  indicates 
that  the  old  wells  of  towns  are  among  tlie  most  impure 
sources  of  domestic  water  supply. 

The  continued  increase  in  the  hardness  of  well-water  as 
the  population  about  them  becomes  more  dense,  indicates 
that  tliis  increase  is  due  to  the  salts  of  the  dissolved  organic 
refuse  with  which  the  ground  in  time  becomes  saturated, 

Mr.  F.  Sutton,  an  English  analyst,  states,  that  "'out  of 
four  hundred  and  twenty-nine  samples  of  water  sent  him 
fW)m  wells  in  country  towns,  he  was  obliged  to  reject  three 
hundred  and  seven  as  unfit  for  drinking.'-  Another  Eng- 
lish chemist  states  that  *'  mucli  of  the  well-water  he  is  called 
upon  to  examine  proves  to  be  more  fit  for  fertilizing  pur- 
poses than  for  human  consumption." 

Prof.  Chandler,  President  of  the  New  York  City  Board 
of  Health,  and  Professor  of  Chemistry  in  the  School  of 
Mines,  Columbia  College,  remarked  :  '*  In  many  cases,  from 
the  proximity  of  cesspools  and  privy  vaults,  the  well-water 
becomes  contaminated  with  filtered  sewage,  matters  which, 
while  they  hardly  affect  the  taste  or  smell  of  the  n-ater, 
have  nevertheless  the  power  to  create  the  most  deadly  dis- 
turbances in  the  persons  who  use  the  waters/' 

Hall*8  "Journal  of  Health"  remarked  that,  "in  the 
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autumn  many  wells,  which  supply  families  with  drinking 
ODd  cooking  water,  get  very  low  and  their  bottoms  are  cov- 
ered with  a  tine  mud,  largely  the  result  of  organic  dec^jm- 
positions,  also  containing  poisonous  matters  of  a  very  con- 
centrated character.  The  very  emanations  from  tliis  well 
rand  are  capable  of  causing  malignant  fevers  in  a  few  hours  ; 
knee  many  families  dependent  on  well-waters  are  made 
sick  during  the  fall  of  tlio  year  by  drinking  these  impreg- 
nat*.*d  poisons,  and  introducing  them  directly  into  the  circu- 
lation. Many  obscure  ailments  and  'dumb  aguee*  are 
caused  in  this  way." 


I 


SPRING     WATERS. 

Vi(k  Hanuless  Impregnations. — ^The  impurities  of 
spring  water  are  chiefly  mineral  in  character,  derived  from 
the  constituents  of  the  earths  through  which  their  waters 
percolate.  Among  the  most  8t>luble  of  the  eartlis  are  mag- 
negium,  calcium,  potassium,  and  sodium,  and  these  appear 
in  spring  waters  as  carbonates,  bicarbonates,  chlorides, 
sulpliates,  silicates,  phosphates,  and  nitrates,  and  are  usu- 
&lly  accompanied  by  an  oxide  of  iron  and  a  minute  quan- 
tity of  ^ca. 

The  above  earths  are  harmless,  and  are,  in  &ct,  consid- 
ered beneficial  in  drinking  waters,  when  present  in  moderate 
quantities,  or  not  exceeding  eight  or  ten  grains  per  gallon. 
Most  persons  are  familiar  with  the  medicinal  properties  of 
the  carbonate  of  magnesia,  a  mild  catliartic,  and  of  its  sul- 
phate (Epsom  salts),  a  mild  purgative,  and  with  the  carbon- 
ate and  nitrate  of  potassa  (pearlash  and  saltpetre)  in  the 
arts,  and  with  the  medicinal  properties  of  the  bromide  of 
potassium,  a  mild  diuretic. 

Sodium  is  more  familiarly  known  as  common  sea-salt, 

calcium  as  common  lime,  of  which  it  is  the  base,  and 
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silica  as  the  base  of  quartz  or  common  sand.  Spring  waters 
are,  by  their  passage  tlirough  the  earth,  thoroughly  filtered 
and  relieved  of  suspended  impurities,  and  therefore  appear 
as  the  most  clear  and  simrkliug  of  aU  natural  waters. 

In  the  selection  of  a  spring  water,  it  is  to  be  specially 
observed  that  it  is  free  from  impregnation  by  decaying 
organic  matters. 

127.  Mineral  Springrs. — In  illustration  of  the  £actB 
that  clearness  to  the  eye  is  not  evidence  of  purity,  or  min- 
ei-al  impregnation  of  the  most  usual  character  immediately 
dangerous  to  the  constitution,  we  append  a  few  analyses  of 
well-known  mineral  spring  waters,  with  quantities  of  ingre- 
dients expressed  in  grains  per  U.  S.  gallon.     (See  page  143.) 

This  formidable  array  of  chemical  ingredients  indi- 
cates that  the  waters  liave  taken  into  solution  the  familiar 
minerals,  magnesia,  common  salt,  lime,  iron,  potash,  sul- 
])hm',  quartz,  and  clay,  and  the  gases,  oxygen,  hydrogen, 
nitrogen,  and  carbonic  acid. 

It  is  much  to  be  regretted  that  supplies  from  good  springs 
are  usually  so  limited  in  quantity. 

The  water  supply  of  Dubuque,  Iowa,  is  obtained  from 
an  adit  pierced  into  the  bluff  nt^ar  the  city.  Tlie  operations 
of  miners  working  in  tlie  bluff  were  seriously  impeded  by 
water,  and  they  relieved  tliemselves  by  tunneling  in  from 
the  face  of  the  bluif,  and  thus  underdraining  the  mine.  In 
80  doing,  they  intercepted  numerous  percolating  streams  of 
water.  This  water  is  now  utilized  for  the  supply  of  the 
city. 


LAKE    WATERS. 


128.  Favorite  Supplies.— Fresh  water  lakes  and  deep 
ponds,  whose  watt^rsheds  have  extents  equal  to  at  least  ten 
times  their  water  surfaces,  are  ordinarily,  of  all  ample 
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sources,  least  liable  to  objectionahle  impregnation  in  harm- 
ful quantity.  When  such  waters  have  bt?en  imprisoned  in 
tlieir  flow,  by  the  uplifting  of  the  rock  foundations  of  the 
hills  across  some  resulting  valley,  or  by  more  recent  crowd- 
ing by  ice-fields  of  masses  of  rock  and  earth  debris  into  a 
moraine  dam,  they  are  bright  and  lovely  features  in  their 
landscapes,  and  favorite  sources  of  water-supplies. 

The  acconipUrthnient«  of  scientific  attainments  are  not 
requisite  to  enable  the  intelligent  populations  to  discover 
in  these  waters  wholesomeness  for  human  di-aughts  and 
adaptability  to  quench  thirsts. 

When  such  waters  are  deep,  and  have  a  broad  expanse 
and  lx)ld  shores,  nature  is  ever  at  work  with  rain  and  wind 
and  sunshine,  maintaining  their  natural  purity  and  sparkle. 

129.  Cliief  RequlHltes.— The  prime  requisites  in  lakes, 
when  to  be  used  for  domestic  supplies,  are  abundant  in- 
flow  and  outflmo^  that  will  inducf*  a  general  circulation ; 
abundajii  depths  that  will  maintain  the  water  cool  through 
the  heats  of  summer  and  hinder  organic  growth ;  and  o 
broad  surface^  which  the  wind  can  pn^ss  upon,  and  roll, 
and  thus  stir  tlie  water  to  it^  gn^at^^yt  depths. 

These  are  featiires  opjxisecl  to  quietude,  shallowness, 
and  warmth,  which  we  have  seen  (§  114)  to  be  promoters  of 
excesses  of  ^'egetal  and  animal  life,  accompanied  by  a  very 
objectionable  mass  of  v»»getable  d(*cay  and  animal  d^H'om- 
position.  Fortunately,  the  shallow  waters  are  oftenest  at 
the  upper  ends,  opposite  to  the  usual  ]K>inh^  of  draught  from 
the  lake,  or  in  indented  bays  along  the  sides,  from  whence 
their  vegetal  products  are  least  liable  to  reach  the  outflow 
conduit. 

i:iO.  Iinpouiiclinj;. — When  supplying  lakes  have  mod- 
erate drainage  areas  in  proportion  to  the  total  volume  of 
water  required  from  them,  it  is  then  necessary  to  place  tlie 
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It  conduit  below  their  natural  snrfac**  or  to  raise 
their  natural  surface  by  a  dam  at  their  outlet,  to  avail  of 
their  storage,  thus  in  a  do;t:ni»  changing  their  condition  of 
nature  into  the  artiticial  condition  of  impounding  rtser- 
torn. 

The  theory  of  volume  of  supply  from  given  drainage 
art^as  (^  53),  and  the  tlieory  of  making  available  a  large 
pwportion  of  the  rainfall  by  impounding  (g  75),  have 
alnwiy  been  discussed  in  their  appropriate*  sections. 

hnportant  results,  affecting  the  purity  of  the  water,  may 
follow  from  tlie  disturbance  of  the  long-maintain»Hl  condi- 
tions of  the  sliores,  analogous  to  those  of  the  constniction 
of  artificiiil  imp<inndiiig  rest^rvoirs  in  valleys,  by  embank- 
ments across  the  outflow  streams. 

Tlie  waves,  of  natural  broad  lakt^  that  have  but  little 
rise  and  fall,  have  long  since  removed  tlie  soil  f^m  large 
portioiiti  of  their  shores,  leaving  them  ]>avi*d  with  boulders 
ain]  pebbles,  which  the  ice,  if  in  northern  latitudes,  has 
crowdwl  into  close  rip-raps,  and  the  removed  soil  has  been 
deposited  in  the  quiet  shallow  bays. 

Upon  the  paved  shores  the  lack  of  vegetable  mold  and 
Ih*'  dagJi  of  the  waters  are  obstacles  to  the  growth  of  vege- 
tation. 

131.  Plant  Growth.— If,  under  the  new  conditions,  the 
waters  are  drawn  down  in  the  summer,  the  wave  jwwer  re- 
h\m\,  the  shallow  bottoms  of  the  bays  uncovered,  and  an 
»'titire  sliore  circuit  of  vegetable  dejiosit  expostsl  to  the  hot 
sun,  a  mass  of  luxuriant  vegetation  at  once  springs  into  ex- 
istence upon  this  uncovered  bottom,  and  the  gn^ater  its  thrift 
the  more  rapid  its  decay,  and  the  more  objectionable  it« 
ms  emanations  that  will  entvr  into  solution  iii  the  water. 

Such  growths  and  transformations  may  continue  to  re- 
pt*at  themselves  tlirongh  several  successive  years,  and  to 
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some  extent  continuously.  Under  tlie  former  conditions  oF 
deeper  water  tlie  plant  life  was  of  less  abundance,  of  less 
thrifty  grovvili,  and  of  less  rapid  decay,  and  the  natural 
processes  of  purification  were  adequate  to  maintain  the 
natural  purity  of  the  water. 

Stinuilatt^d  vegetable  growths  result  in  quick  decay  and 
the  production  of  vegetable  muck,  the  foulest  solid  product 
of  vegetable  decompositions  in  water.  Slow  decompositions 
of  v(»getable  matter  in  water  rarely  affect  the  water  to  a 
noxious  degree,  and  result  in  the  production  of  a  peat  de- 
posit almost  entirely  free  from  deleterious  qualities  in  the 
water. 

The  presence  of  the  fishy  or  cucumber  odor  is  evidence 
that  the  water,  or  a  considerable  jwrtion  of  it,,  has  been  too 
warm  for  stored  potable  water ;  and  tliat  there  is  too  much 
of  shallow  margin,  or  that  the  storage  lake  has  received  too 
much  of  meadow  drainage.  It  is  not,  as  many  Imve  sui>- 
posed,  an  evidence  of  dead  fish  in  the  reservoir,  but  an  eflfect 
tending  to  drive  the  higher  orders  of  tlie  fish  more  clos<'ly 
about  the  springs  or  inflowing  streams. 

132«  Strata  CondltioiiH.— The  winds  assist  the  n^dy 
escai^e  of  the  odoi-ous  gases  when  tliey  have  risen  near  to 
the  surface,  and  the  stratum  of  water  of  greatest  purity,  in 
summer,  is  usually  a  little  below  the  surface,  and  would  be 
at  the  surface  were  it  not  for  the  microscopic  organisms  that 
exist  there,  and  the  floating  matters. 

The  change  of  density  of  wat^'r  with  change  of  tempera- 
ture produces  a  remarkable  effect  in  autumn.  Water  Is  at 
its  greatest  density  at  the  temj>erature  just  above  freezing 
(39°2  Fah.),  and  when  the  frosts  of  autumn  chill  the  surface 
water  it  is  th^n  heavier  than  the  water  below,  and  sinks,  dis- 
placing the  bottom  water ;  and  the  vertical  circulation,  stir- 
ring up  the  whole  body,  continues  until  the  suriace  is  sealed 
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"by  ice,  when  quiet  again  reigns  at  tlie  bottom.  This  action 
stirs  up  the  bottom  impurities,  and  often  makes  them  par- 
ticularly offensive  in  autumn,  even  more  than  in  mid- 
summer. 

bi  the  case  of  new  flowage  of  artificial  reservoirs  over  a 
meadow  bottom,  the  live  vegetable  growth  lias  all  to  go 
througli  a  certain  clH»mi(?al  tnmsfonnation,  the  influence  of 
which  upon  tlie  water  is  ^t^en  detectable,  for  a  time,  by  the 
sense  of  smell.  This  action  in  the  water  may  be  consider- 
ably reduced  by  first  burning  thoroughly  the  whole  surface, 
and  destroying  the  organic  life  and  proi>ertie8,  leaving  only 
tho  mineral  ash. 

The  breaking  up  of  the  vegetable  fibres,  if  undestmyed 
by  fire,  and  their  deposition  in  the  quiet,  shallow  bays, 
t^ncourages  the  growth  of  aquatic  plants,  and,  indirectly, 
animal  life  there. 

Tlie  protection  of  the  shores  by  high  water  in  winter,  and 
their  exposure  by  drawing  down  the  water  in  summer,  is 
fevorable  to  aquatic  growths  upon  them,  as  in  the  above- 
meiitioned  lake  examples. 

133.  Plant  and  Insoct  Agencieft. — In  cases  of  ex- 
cessive growths  of  either  or  both  vegetal  and  animal  life, 
their  products  are  liable  to  be  drawn  into  the  outflow  con- 
duit and  the  distribution  pipes,  where  their  presence  becomes 
disagreeably  evident  by  the  gaseous  "fishy"  or  **cncum- 
be»^'  odors  liberated  when  the  water  is  drawn  from 
mcelfi. 

^Vlien  conditions  are  favorable  for  the  production  of 
either  vegetal  or  animal  life  alone,  in  excessive  abundance, 
disagreeable  effects,  especially  if  the  excess  be  animal,  are 
almost  certain  to  follow,  since  both  are  among  tlie  active 
agt'Dls  employed  by  nature  in  the  purification  of  water,  and 
natural  laws  tend  to  preserve  the  due  balance  in  their 
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growth,  the  one  being  producers  of  oxygen  and  tlie  other 
of  carbon. 

Newly  flowed  collecting  or  storage  reservoirs  should  be 
promptly  stocked  with  a  fine  gitule  of  fish,  that  will  feed 
upon  and  prevent  the  overabundance  of  the  Crustacea, 
which  in  turn  will  consume  the  organic  decompositions,  and 
prevent  their  difl'usion  through  tlie  waters. 

134«  I'reHervation  nf  Piirity.— General  observation 
teaches  that  neither  vegetatitm  or  any  species  of  the  infu- 
soria rtourish  to  an  objectionable  extent  in  fresh  waters  in 
the  tempt^rate  zone  where  the  depth  exceeds  alx)ut  tf-n  feet, 
though  it  is  true  that  insects  are  liable  to  swarm  upon  the 
surface  of  all  waters  that  arrive  at  a  high  temperature. 
Stored  waters,  for  domestic  purposes,  ought  to  have  in  our 
American  climate,  deptbs  of  not  less  than  twelve  feet. 

To  insure  j)urity  of  water,  so  far  as  protection  from  its 
own  prodiicts  is  concerned,  it  is  necessary  that  the  shallow 
waters  be  cut  off  by  embankments,  or  that  they  be  deep- 
ened, or  that  their  place  be  supplied  by  clean  sand  or 
gravel  filliug,  raised  to  a  level  above  high  water.  It  is  £re- 
qut'ntly  advisable,  also,  that  the  shores  of  artificial  impound- 
ing resen'oirs  of  moderate  extent  be  provided  with  an 
equivalent  for  the  natural  rip-rap  provided  by  nattire 
around  natural  lakes. 

Each  of  the  above  expedients  has  been  successfully 
adopted  by  the  writer  in  his  own  practice. 

Fig.  7  13  an  illustration  of  the  revetment  of  stone  sur- 
rounding the  reservoir  of  the  Norwich,  Conn.,  water-works. 
The  reservoir  in  this  case  is  two  and  one-half  miles  ont 
from  the  city,  and  fills  the  office  of  both  a  gathering  and 
distributing  rt^st^rvoir,  for  a  gravitation  supply.  Its  cirruni- 
ference  Is  two  and  one-qimrter  miles,  and  this  rrvetment 
protects  the  shore  of  the  entire  cii-cuit.     Its  height  above 
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liigh  water,  in  the  vicinity  of  the  dam,  is  four  feet,  and  in 
tht  npper  part  of  the  valley  three  feet. 

If  the  supplying  streams  of  a  small  lake  bring  with  them 
inniii  vegetable  matter  in  suspension,  and  the  flow  readies 
the  condnit  before  complete  elarilieatiun  by  natural  pro- 
cesses is  t»ffected,  some  method  of  artilicial  filtration  of  the 
water  will  be  neoe&fiary,  Uie  detaOs  of  which  will  be  dis- 
cussed lieroafter, 

135.  Natunil  Clarillcation. — The  various  sources  of 
chemital  impregnation  to  which  waters  reaching  lakes,  usu- 
ally aie  subject,  whether  flowing  over  or  through  the  earth, 
^ve  been  ab«idy  herein  discussed  (§  101,  et  seq,\  so  that 
Freons  of  ordinary  intelligence  and  information  may  detect 
them,  and  form  a  tolerably  accurate  estimate  of  their  harm- 
ftilaess,  and  if  they  ought  to  be  considered  objectionable 
when  they  are  to  be  gathered  in  a  lake  and  there  subjected 
to  the  processes  in  Nature's  favorite  laboratory  of  puriti- 
catioD- 

Waters  flowing  in  the  brooks  from  the  wooded  bills  and 
^f"  swamps  almost  always  come  do\^^l  to  the  lakes  highly 
charged  with  the  coloring  matter  and  substances  of  forest 
leaver  and  grasses,  and  not  unfrequently  hav(!  a  ver>'  per- 


150 


WELL,  SPHINQ,  LAKE   AND  RIVER  SUPPLIES. 


ceptible  reddish  or  chocolate  hue.  The  wat**rs  are 
relieved  of  these  vegetable  impurities  by  natural  processes 
in  the  lake,  and  their  uatural  transparency  and  sparkle  is 
restored  to  them.  Sunlight  has  bt^n  credited  with  a  strong 
influence  in  the  removal  of  color  from  water.  The  chemical 
transfonnation  already  begun  upon  the  hills  is  continued  in 
the  lake,  and  tlie  atmospheric  oxygen  aids  in  releasing  the 
gases  of  the  minutely  subdivided  vegetable  products  pro- 
ducing the  color,  when  the  mineral  residues  have  sufficient 
specific  gravity  to  take  them  speedily  to  tlie  bottom.  The 
winds  are  the  good  physicians  that  bring  the  restoring 
remedies. 

Ponds  and  lakes  often  receive  a  considerable  part  of 
theii*  supply  from  springs  along  tlieir  holders,  whose  waters 
have  received  the  most  perfect  natural  clarification.  Such 
springs,  from  quartzose  earths,  yield  watera  of  the  most 
desirable  qualities. 

i;?*>.  Great  Lakes,— When  lakes,  on  a  scale  of  great 
inland  seas,  like  those  lining  our  northern  boundary,  upon 
\v(it<^li  great  marts  of  trade  are  developing,  are  at  hand, 
many  of  the  above  supposed  conditions  belonging  to 
smaller  lakes  and  ponds,  are  entirely  modified. 

In  such  cases  the  cities  become  themselves  the  worst 
polluters  of  the  pure  waters  lying  at  their  borders,  and 
they  are  obliged  to  push  their  draught  tunnels  or  pipes 
beneath  the  waters  far  out  luider  the  lakes  to  where  the 
water  is  undefiled. 

This  system  was  inaugurated  on  a  great  scale  by  Mr. 
E.  S,  Ch(»esbon>,  C.E.,  for  Chicago,  and  followed  by  the 
cities  of  Cleveland,  Buffalo,  and  with  submerged  pipe  by 
Milwaukee. 

137.  Dead  Lakes.— The  waters  of  the  Sinks,  or  Dead 
Lakes  of  tlie  Utah,  Nevada,  and  8(mthem  California,  Great 
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from  which  there  are  no  visible  outlets,  are  notable 
excejuions  to  general  conditions  of  lake  watera.  Hen*  the 
nit?  gathered  by  the  inflowing  waters,  for  centuries,  which 
CTaporating  vapors  can  not  carry  away,  have  been  accu- 
muLating,  till  the  waters  are  nauseating  and  repugnant. 

Tlip  skill  of  the  well-borer  must  aid  civilization  when 
these  desert  regions  are  to  become  generally  inhabitable. 
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RIVER    WATERS. 

138.  3IetTopoIituD  Supplies.— Rivers  are  of  necessity 

the  final  resort  of  a  majority  of  the  principal  cities  of  the 
world  for  their  public  water  supply.  The  volume  of  water 
dailj  K^uired  in  a  great  metropolis  often  exceeds  the  com- 
biniKl  capacity  of  all  the  springs,  brooks,  and  ponds  within 
accwsible  limit-?,  and  supplies  from  wells  become  iiniws- 
sible  because  of  lack  of  capacity,  excessive  aggregate  cost, 
and  tlie  sickening  character  of  their  waters. 

Siuce  rivers  occupy  the  lowest  threads  of  the  valleys  in 
^hich  thev  flow,  their  surfaces  are  lower  than  the  founda- 
tioDsof  tbe  habitations  and  warehouses  along  their  banks. 

Their  waters  have  therefore  usually  to  Ix*  elevated  by 
power  for  delivery  in  the  buildings,  tlie  expense  of  conduct- 
ing their  waters  from  their  sufficiently  elevated  sources  being 
greater  far  tlmn  the  capitalized  cost  of  the  artificial  lift 
nearer  at  hand. 

The  theories  by  which  the  minimum  flow  of  the  stream 
8  W),  and  the  maximum  demand  for  Bupj)ly  (§  19),  are 
detennined  and  cora]>ared  have  been  already  herein  dis- 
cussed; so  we  now  assunu*  that  the  supplies  have,  after 
pro])«^r  investigation,  been  determined  ample,  and  also  that 
tl»p  p^eological  structure  (§  106)  of  the  drainage  area  is  found 
to  present  no  impn^gnating  strata  precluding  the  use  of  ita 
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waters  for  domestic  and  commercial  purposes,  or  in  the 
chemical  arts. 

139.  Harmless  and  Beneficial  Inipregnations.— 

The  natural  organic  inipurities  of  rivers  arc  seldom  other 
than  dissolving  vegetable  fibres  washed  down  from  forests 
and  swamps,  and  these  are  rarely  in  objectionable  amount ; 
and  the  uatui-al  mineral  impurities  in  solution  aiv  usually 
magnesia,  common  salt,  lime,  and  iron,  and,  in  suspension, 
sand  and  clay.  The  lime,  sand,  and  clay  are  easily  df  tect- 
ible  if  in  objectionable  amount,  and  the  n-maining  natural 
mineral  impregnation  ai-e  quite  likely  to  be  beneficial 
rather  than  othei'wise,  since  they  an*  required  in  drinking 
water  to  a  limited  extent  to  render  them  palatable,  and  for 
promotion  of  the  healthy  activity  of  tlie  digestive  organs, 
and  tlie  building  up  of  the  bones  and  muscles  of  our  bodies. 

140.  roKlulioiis. — Wa  reit^^mte  that  it  is  the  arffJfHal 
impttrities  that  ai-e  the  bane  of  our  river  waters.  Manufac- 
tories, viDages,  towns,  and  cities  spring  up  upon  the  river- 
banks,  and  their  n^fuse,  dead  animals,  and  sewage  aro 
dumfKHl  into  the  ninning  streams,  making  them  foul  potions 
of  putivfaction  and  destruction,  when  they  t^hould  tiow  clear 
and  wholesome  according  to  the  natural  laws  of  their  crea- 
tion and  preservation. 

141.  Sanitary  DisciiHsions. — The  prolific  discussion 
npon  the  sanitary  condition  of  the  water  of  the  river 
Tliames,  England,  since  the  report  of  the  Royal  Commis- 
sion of  1850,  bas  brought  out  a  variety  of  conflicting  opin- 
ions in  regard  to  tlie  efficiency  of  natural  causes  to  destroy 
sewage  impurities  in  water. 

About  one-half  the  population  of  London,  or  one-half 
million  persons,  received  their  domestic  water  supply  from 
the  Thames  in  1876,    The  drainage  area  above  the 
ing  stations  is  about  3675  square  miles,  and  the  minimum 
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summer  flow  is  estimiited  to  be  about  350,<KX),000  imperial 
galloiia  diiily,  aud  of  Uiis  flow  about  15,000,000  gallous  i3 
paiuped  daily  by  the  water  companies.  Upon  the  Tliann»» 
watershed  above  the  pumping  stations  there  resides  a  popu- 
lation of  about  1.000,000  persona,  including  three  cities  of 
over  25,0«X)  persons  each,  three  cities  of  from  7000 1o  10,(KK) 
persons  each,  aud  many  smaller  towns  and  villages.  The 
whole  of  the  river  and  its  principal  tributaries  are  under 
the  strictest  sanitary  regulation  which  the  government  is 
able  to  enforce,  notwithstanding  which  a  groat  mass  of 
sewage  is  poured  into  the  stream. 

Yet  it  is  cLiimed  by  eminent  authority  that  the  Thames 
wator  a  short  distance  above  London  is  wholesome,  pala- 
table, and  agreeable,  and  safe  for  domestic  use. 

A  rr»mark  by  Dr.  H.  Letheby,  medical  officer  of  lieaJlh 
fnr  tJle  city  of  London  until  his  decease  in  the  spring;  of 
1S76,  gives  a  comprehensive  summary  of  the  argument  in 
filvor  of  the  Thames  water,  viz. :  **I  have  arrivcnl  at  a  very 
decided  conclusion  tlrnt  sewage,  when  it  is  mixed  witli 
Iwentr  times  its  volume  of  running  water  and  has  flowed  a 
distance  of  ten  or  twelve  miles,  is  absolutely  destroyed : 
the  agents  of  destruction  being  infusorial  animals,  ai]^uatic 
plants  and  fish,  and  chemical  oxydation." 

Several  eminent  chemists  testify  that  analyses  detect  no 
tract'  of  the  sewage  in  the  Thames  near  London.  Sir  Benja- 
min Broodie,  Professor  of  Chemistry  in  tlie  University  of 
Oxford,  remarked  in  his  testimony  upon  the  London  water 
snpply:  *'I  should  rely  npon  the  dilution  quite  as  much, 
atid  more,  than  upon  the  destruction  of  tlie  iiyurious 
matter. 

Dr.  C.  P.  Chandler,  President  of  the  New  York  Board 
of  Health,  and  Professor  of  Chemistry  in  the  School  ot 
Mines,  Columbia  Coll^fe,  has  in  his  own  writings  quoted 
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many  eminent  authorities,*  with  apparent  indorsement 
their  conclusions,  supporting  the  tiieory  of  the  wholesomojj 
ness  and  safety  of  the  Thames  water  as  a  domestic  suppl, 
for  the  cit)"^  of  London. 

U2.    IiiatljiiiHHililo   Polluting:  Liquids.— The   Pi 
liamentary  Rivers  Pollution  Committee,  when  investigating 
the  subject  of  the  discharge  of  manufacturing  refuse  ani 
sewage  into  the  Englisli  rivers,  Mersey  and  Ribble,  and 
possibility  of  the  deodorization  and  cleansing  of  the  refti 
by  methods  then  available,  snggest^nlt  that  liquids  co 
taining  impurities  equal  to  or  in  excess  of  the  limiting  quan< 
tity  defined  by  Prof.  Frankland  {vide  %  123,  p.  137;,  b^ 
deemed  }>olluting  and  inadmissible  into  any  stream. 

143.  l*recautioimry  Views,  —  On  the  other  haiid« 
many  physicians,  chemists,  and  engineers,  whose  scientific 
attainments  give  to  their  opinions  great  weight,  emphatically} 
protest  against  the  adoption  or  use  of  a  source  of  doniestioj 
water  supply  that  is  at  all  subject  to  contamination  bjj 
Bewage  or  putrefying  oi-ganic  matters  of  any  kind. 

There  are  certain  laws  of  nature  that  have  for  thoilji 
object  the  preservation  of  human  life  to  its  appointed  niaJ 
turity,  which  we  term  instinct,  as,  for  instance,  involuntarjn 
grasping  at  a  supjiort  to  save  from  a  threatened  fall ;  invol^ 
untary  raising  the  arm  to  protect  the  eye  or  head  from 
blow ;  involuntary  sudden  withdrawal  of  the  body  from 
contact  with  a  hot  substance  that  would  burn.  Tliere  is  al9Q 
an  instinctive  repugnance  to  receiving  any  excrementitioua 
or  putrefying  animal  substance,  or  anything  that  the  eye  of 
sense  of  smell  decides  to  be  nojdous,  upon  the  tongue  at 
into  the  syst^^m.  It  is  not  safe  to  overlook  or  subdue  the 
natural  instincts  created  within  us  for  our  preservation 
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Following  sxe  a  few  opimoDB  suppcNtzng  the  caotiouuy 
gide  of  the  qaestion : 

*^ Except*  in  lare  casefi,  water  which  bolda  in  solnticm  a 
perceptible  proporciou  of  oigank  matter  beoomeB  eooo 
putrid,  aud  acquires  qualities  which  are  dehHi^aaa.  It  is 
evident  that  diarrhoEsa,  drsenterr,  and  other  acole  or  ohnmic 
affections  hare  been  induced  endemkally  by  the  continued 
use  of  water  holding  oi^ganic  matter  in  large  proportioQa^ 
other  in  solution  or  in  sospenrioo.  It  is  adnutted,  as  tbe 
ivalt  of  universal  obserration^  that  the  less  the  quantxtr  of 
(Bganic  matter  held  by  the  water  we  drink,  the  more  whole- 
Bomeitia." 

''Not  one  has  oonclusiTely  shown  that  it  is  safe  to  trust 
to  dilation,  storage,  agitation,  filtration,  or  peHod^  of  time^ 
for  the  complete  renioral  from  water  of  (HOTan  prodnciag 
elements,  wbaterer  these  may  be*  Cbcmbtri  and  mirstv 
acopy  cannot  and  do  ncrt  chum  to  prove  the  absence  of  these 
tjlcments  in  any  specimen  of  drinking  water/' 

"It}  is  a  well-received  fact,  that  deoompofflng  animal 
niatter  in  drinking  water  is  a  fertile  producer  of  intestinal 
diseases.*' 

Dr.  Wolf  (in  Der  Untergmnd  und  da*  Prinkwaaser  der 
Stadtf,  Erfurt,  1873)  givt's  a  large  nuralxT  of  cases,  which 
pwe  conclusively  that  *'bad  water  produces  diarriicca, 
and  can  propagate  dysent^^r}',  typhoid  fever,  and  cholera, 
and  lliat  sucli  water  is  frequently  clear,  fi-esh,  and  veiy 
agn-eable  to  the  taste/- 

Dr.  Lyon  Playfair,  of  London,  remarks:  ''The  effect  of 


•  Boutmn  9ju\  Bondot,    AoDOftl  of  French  Witera,  1851. 

f  T(^timonr  of  Dr.  H.  A.  Smith  before  the  Rot&I  O^mminioD  of  Witer 
8opply  gf  London. 

t  Report  of  Medical  Oommiwrfon  on  Additiona]  Water  Supply  for  BoAon, 
1871 
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organic  matter  in  the  water  depends  very  much  upon  the 
character  of  that  oi;ganic  matter.  U  it  be  a  mere  vegetable 
matter,  sucii  as  comes  from  a  pi-aty  district,  even  if  the 
water  originally  is  of  a  i>ale  sherry  color,  on  being  exposed 
to  tlie  air  in  reservoirs,  or  in  canals  leading  fi-ora  one  reser- 
voir to  another,  the  vegetable  matter  gets  acted  upon  by  the 
air  and  hocomt^s  insoluble,  and  is  chiefly  de]X)sited,  and 
what  nMiiaiiis  lias  no  influence  on  health.  But  when*  the 
organic  matter  comes  from  drainage,  it  is  a  most  formid- 
able ingredient  in  water,  and  is  the  one  of  all  others  that 
ought  to  be  looked  upon  with  apprehension  when  it  is  from 
the  refuse  of  animal  matter,  the  drainage  of  large  towns, 
the  drainage  of  any  animals,  and  especially  of  human 
beings." 

The  Massachusetts  State  Board  of  Healtli,  in  their  fifth 
annual  report,  remarking  upon  the  joint  use  of  watercourses 
for  sewers  and  as  sources  of  water  supply  for  domestic  use, 
remarks:  "We  believe  that  all  such  joint  use  is  to  be 
deprecated The  importance  of  this  matter  is  under- 
rated for  two  reasons:  tii-st,  because  of  the  oft-repeated 
assertion,  made  on  the  authority  of  Dr.  Letheby,  '  that  if 
sewage-matter  be  mixed  with  twenty  times  its  bulk  of  ordi- 
nary river  water,  and  flow  a  dozen  miles,  there  is  not  a 
particle  of  that  sewage  to  be  discovered  by  chemical 
means ;'  secondly,  because  of  the  feeling  tliat  to  be  in  any 
way  j)n*judicial  to  healthy  a  water  must  contain  enough 
animal  matter  to  be  recognized  rt»adily  by  chemicul  testa- 
enough,  in  fact,  to  be  expressed  in  figures." 

144«  Speculative  Condition  of  the  Pollution 
Question. — Sanitary  writings  have  abounded  with  dis- 
cussions of  this  subject  during  the  last  decade ;  still,  look- 
ing broadly  over  the  field  of  discussion,  it  is  evident  that 
the  leading  medical    and  chemical  authorities  liave  not 
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npon  the  limit  for  any  case,  or  class  of  cases,  when 
r  becomes  noxious  or  harmful. 

Some  of  the  cousumors  of  llie  waters  of  the  Thames  in 
EDghmd  and  of  the  Mystic  aud  Charles  rivers  in  New  Eng- 
land, have  evinced  a  remarkable  faith  in  the  toughnc*8s  of 
human  constitntions. 

TJie  whole  subject  of  water  contamination  remains  as 
yet  rather  physiologically  speculative  tlian  chemically  ex- 
act. It  13  earnestly  to  be  desired  tliat  the  pn^sent  experi- 
mental practice  upou  human  constitutions,  so  costly  in 
infiintilc  life,  may  soon  yield  a  sufficiency  of  conclusive 
statistics,  or  that  science  shall  soon  unveil  the  subtle  and 
nijsterioufi  chemical  properties  of  organic  matters,  at  least 
?^i  (ar  as  they  are  now  concealed  behind  recombinations, 
reactions,  and  test  solutions. 

145.  SpontaiieoiiH  Purificntion. — ^The  river  coursefl 
a»v  tlie  natural  drainage  channels  of  the  lands,  and  it  can- 
not bat  be  exi)ected  that  a  considerable  bulk  of  refuse,  from 
jwpnlous  districts,  will  find  its  way  to  tlie  sea  by  theee 
fliaunels,  however  strict  the  sanitary  regulations  for  the 
nration  of  the  purity  of  the  streams.  Therefon*  it  in  a 
r  of  high  scientific  interest,  and  in  most  cases  of  great 
hjgienle  and  national  iraportancet  to  determine  what  pro- 
portioD  of  the  organic  refuse  is  destroyed  beyond  the  j3ossi- 
bility  of  harm  to  animals  that  drink  the  water,  by  spon- 
tftueons  decomposition,  and  what  proportion  remains  in 

tion  and  suspension. 

In  ordinary  culinary  and  chemical  processes  we  find 
tliat  tempemture  has  an  important  influence  npon  the  dis- 
aoltinc  projiert^-  of  water.  Water  of  temperature  below 
*>"  Fah.  dissolves  meats,  vegetables,  herbs,  sugar,  or  gum, 
slowly,  comparatively,  and  a  cold  atmosphere  does  not  pro- 
mote decomposition  of  oiganic  matter.    We  therefore  infer 
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that  a  temperature  of  both  atmosphere  and  water  as  higi 
or  nearly  as  liigh,  as  60"  Fah.  an*  required  to  promote 
rapid  oxydation  of  the  organic  impurities  in  water,  la 
[winter  the  process  must  proceed  slowly,  and  if  the  stream 
is  covered  by  ice,  be  abnost  suspend*^.  Agitation  of  the 
water  is  absolutely  essential  to  the  long-maintained  ])ro- 
cess  of  oxj'dation,  in  order  that  the  water  may  contiaue 
cliarged  with  the  necessary  bulk  of  oxygen  in  solution; 
therefore  weirs  across  the  stream,  roughness  of  the  bed  and 
banks  of  the  stream,  aiid  rajjidity  of  flow  are  essential  ele- 
ments in  rapid  oxydation. 

Dr.  Sheridan  Muspmtt  remarks,*  in  respect  to  this  spon* 
taneous  purification  of  river  waters  containing  organic  mat- 
ters :  *'As  a  general  rule,  the  carbon  unites  with  oxygen  to 
fonn  carbonic  acid  ;  and  with  hydrogen  to  form  marsh  gas 
or  carbide  of  hydrogen  ;  hydrogen  and  oxygen  unitp  to 
form  water ;  nitrogen  and  oxygen  with  hydrogen  to  form 
ammonia  ;  sulphur  with  hydrogen  to  form  sulpliide  of  hy- 
drogen ;  phosphorus  T^dth  hydrogen  to  form  phosphide  of 
hydrogen. 

*'The  latt^^r  two  are  exceedingly  offensive  to  the  sense  of 
smell,  and  are,  moiiKjver,  highly  jwisonous.  Thus  in  the 
spontaneous  decomposition  of  the  organic  matter  contained 
in  water,  there  are  produced  carbonic  acid,  carbide  of  hy- 
drogen, ammonia,  sulphide  of  hydrogen,  and  phosphide  of 
hydrogen.  These  are  the  recognized  comj>ounds ;  but  when 
it  is  bonie  in  mind  that  the  gaseous  emanations  of  decom- 
posing animal  matters  are  infinitely  more  offensive  to  the 
sense  of  smell  and  injurious  to  health  than  any  of  the  gaaes 
above  mentioned,  or  of  any  combination  of  them,  it  can 
only  be  concluded  that  the  effluvia  of  decaying  organic 

*  ChemiBtrr,  Tlicoretioil.  Practical^  and  Analytical :  Glasgow. 
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Tiiattor  contains  other  constituents,  of  which  the  trne  char- 
acter has  not  yet  been  deterniin*^,"  Tliis  chemical  puri- 
ticatiou  is  assisted  by  vegetal  absorption  and  aolmulculine 
consumption. 

146.  ArtlflciaJ  Clariflcation.— WMle  water  subjected 
at  all  to  organic,  especially  drainage  or  animal  inipuriti(»s, 
should  be  avoided,  if  possible,  for  domestic  conauniption, 
it  should,  on  the  other  hand,  when  necessarily  submitted 
to,  be  clarifitMi  before  use,  of  its  solids  in  suspension,  by 
prwipitation,  deposition  in  storage  or  settling  basins,  or  by 

(if  the  most  thorough  i)roc^8ses  of  filtration. 

U7.  A  Snpir  Test  of  the  Quality  of  Water.— Tlie 
PharmacetUical  Jounml  quotes  Heisch'a  simple  sugar  test 
for  water,  as  follows : 

"Good  water  should  be  firee  from  color,  unpleasant 
odor  aad  taste,  and  should  quickly  afford  a  good  lather 
with  a  small  proportion  of  soap. 

"If  half  a  pint  of  the  water  bo  placed  in  a  clean,  color- 
1p88  glass-stoppered  bottle,  a  few  grains  of  the  best  white 
lump-sugar  added,  and  the  bottle  fniely  exposed  to  the  day- 
light in  the  window  <:»f  a  warm  room,  the  liquid  should  not 
become  turbid,  even  after  exjK>sure  for  a  week  or  ten  days. 
If  the  water  becomes  turbid,  it  is  ox>en  to  grave  suspicion 
of  sewage  contamination  ;  but  if  it  remain  clear,  it  is 
almost  certainly  aafe. 
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SECTION    11. 

Tlow  of  Water  through  Sluices.  Pipes  and  Channels. 


CHAPTER  X. 

WEIGnT.   PRESSURE.  AND    MOTION    OF    WATER, 

148.  Special  Cliaracteristics  of  Water. — If  we  con- 
•©ider  ti»ose  qualities  of  wat<?r  that  liave  reference  to  its 
"ijDeighiy  its  pressure^  ami  its  motion^  we  sliall  observe,  espe- 
<;ially ;  That  the  tolume  of  the  liquid  is  composed  of  av. 
'm/nense  nnviber  of  minute  particles ;  that  each  particle, 
^as  weight  indindually ;  that  each  particle  can  receive 
^ind  trans/nit  the  effect  of  weight,  in  the  form  of  press7tre^ 
-^n  all  directions  ;  and  that  the  particles  mote  past  and. 
'^ipoii  each  other  with  very  slight  resistance. 
I  We  are  convinced  by  the  sense  of  touch  that  the  parti- 
cles of  a  body  of  wat^'r  are  minute,  and  have  veiy  little 
■cohesion  among  themselves  or  friction  upon  each  other, 
'xihon  we  put  our  hand  into  a  clear  pool  jind  find  that  the 
"Jiarticles  separate  without  appivciable  resistance ;  and  also 
\)y  the  sense  of  sight,  when  we  see  fishes  and  insects,  and, 
^nth  the  aid  of  the  microscope,  the  tiny  infusoriflp,  moving 
i^pidly  through  the  water,  without  apparent  effort  greater 
than  would  be  required  to  move  in  air. 
11 
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149.  Atomic  Theory. — Ancient  records  of  scientific 
researcli  inform  us  that  the  study  of  the  divisibility-  and 
nature  of  the  i>article8  of  matter  occupied,  long  ago,  the 
most  vigorous  minds.  It  is  twenty-two  centuries  since 
Deraocritus  explained  the  atomic  theory  to  his  fellow- 
citizens,  and  taught  them  that  particles  of  matter  are  capa- 
ble of  subdivision  again  and  again,  many  times  beyond  the 
limit  perceptible  to  human  senses,  but  tliat  finally  the  atom 
will  be  reached,  which  is  indivisible,  the  unit  of  matter. 
Anaxagoras,  the  teacher  of  Socrates,  maintained,  on  the 
contrary,  that  matt<»r  is  divisible  to  intinity,  and  that  all 
parts  of  an  inorganic  body,  to  infinite  subdivision,  are  simi- 
lar to  the  whole.  This  latter  theory  lias  not  been  generally 
accepted.  The  whole  subject  of  the  nature  of  matter,  in  its 
various  conditions,  forms,  and  stages  of  progress,  has  main- 
tained its  interest  through  the  succeeding  centuries,  and  is 
to-day  a  favorite  study  of  philosophers  and  tlieme  of  dis- 
cussion in  lecture  halls. 

1 

150.  MolcK^iihir  Theory. — Modem  research  has  dem- 
onstratt^d  that  the  unit  of  water  is  composed  of  at  least  two 
different  substances,  and  therefore  is  not  an  atom.  The 
unit  is  termed  a  molecule,  and,  according  to  the  received 
doctrine,  the  foundation  of  each  molecule  of  water  is  two 
molecules  of  hydrogen  and  one  molecule  of  oxygen.  Tliese 
latter  molecules  may  ]>ossibly  be  ultimate  at4:mis. 

The  theory  is  advanced  that  each  molecule  of  water  is 
surrounded  by  an  elastic  atmosphere,  and  by  a  few  that  it 
is  itself  sligiiUy  elastic. 

Sir  William  Tliompson  estimated  that  between  five  hun- 
dn*d  millions  and  five  thousand  millions  of  the  mohx^ulea 
of  water  may  be  placed  side  by  side  in  the  space  of  one 
lineal  inch.  To  enable  us  to  detect  the  outline  of  one  of 
these  molecules,  our  most  jwwerful  microscoj^e  must  have 
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its  magnifying  power  multiplied  as  many  times  again,  or 
squaivd. 

A  film  of  water  flowing  throngli  an  orifice  one-liundrwlth 
of  an  inch  deep,  or  about  the  tliickuess  of  this  leaf,  wonld 
be,  according  to  the  above  estimate,  from  five  to  fifty  mil- 
lion molecule  diamet^Ts  in  depth.  It  is  impossible  to  com- 
prt'liend  so  infinitesimal  a  magnitude  as  the  diameter  of  one 
of  these  molecules,  so  we  sliall  be  obliged  to  imagine  them 
so  many  times  magnified  as  to  resemble  a  mass  of  transpa- 
rent balls,  like  billiard  balls,  for  instance,  or  similar  spheres, 
aud  to  consider  them  while  so  magnified. 

15L  Influence  of  Calorie* — There  is  also  a  theory, 
Tery  generally  accepted,  that  the  molecules  of  water,  more 
especially  their  gaseous  constituents,  are  constantly  subject 
to  the  influence  of  caloric,  the  cause  of  heat,  and  are  in 
coDaeqaence  in  inceasant  compound  motion,  both  vibmtory 
and  progressive,  and  that  they  are  constantiy  moving  past 
each  other,  progressing  with  wavy  motion,  or  are  rebound- 
ing ag^unst  each  other,  and  against  their  retaining  vesseL 

Tills  motion  may  be  partially  illustrated  by  the  motion 
oU  great  number  of  smooth,  transparent,  elastic  balls,  in  a 
*  veflBel  when  the  vessel  is  being  shaken.  It  may  be  dem- 
onstrated by  placing  a  drop  of  any  brilliant  colored  liquid, 
for  which  water  has  an  affinity,  into  a  vessel  of  quiet  water, 
^hen  the  drop  will  be  gradually  diffused  throughout  the 
whole  mass,  showing  not  only  tliat  among  the  niol<'Cules  of 
colored  liquid  there  is  activity,  but  that  certain  of  the  mole- 
cules before  in  the  vessj^l  plunge  into  and  through  the  drop 
fr^Tn  all  sides,  dividing  it  into  parts,  and  its  parts  again 
intfi  other  parts,  until  the  particles  are  distributed  through- 
*>nt  the  mass. 

^Vhile  the  molecules  are  arranged  in  crystalline  form, 
^py  require  considerably  more  space  than  when  in  liqi 
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form,  and  there  are  a  less  number  of  them  in  a  cubic  inch  ; 
therefore  a  cubic  inch  of  ice  weighs  less  than  a  cubic  inch 
of  water. 

153.  Relative  Densities  and  Vohinies, — The  rela- 
tive changes  in  weight  and  volume  of  water  at  different 
temperatures  are  shown  grapliically  in    Fig.   8.      When 

Fig.  8. 


weight  is  maintained  constant  and  the  temperature  of  the 
water  is  increased  or  decrejised,  the  volume  will  change  as 
indicated  by  the  solid  lines.  When  volume  is  maintained 
constant  and  the  iennperature  increased  or  decreased,  the 
welgJit  will  change  as  indicated  by  the  dotted  lines. 


WEIGHT     OF     WATER. 


153.   Weight  of  ConstUnents  of  Water.— Water  ia 

substantially  the  result  of  the  union  (§  150)  of  two  volumes 
of  hydrogen,  having  a  siKHiific  gravity  t*qual  to  0.0689,  and 
one  volume  of  oxygen,  having  a  specific  gravity  equal  to 
1.102;  but  various  other  gases  that  come  in  contact  with 
this  combination  are  readily  absorbed. 

Bulk  for  bulk,  the  oxygen  is  sixteen  times  heavier  than 
the  hydrogen,  Water  at  its  greatest  density  is  about  eight 
hundred  and  fifteen  times  as  heavy  as  atmospheric  air. 

The  density  of  the  vapor  or  gases  enveloping  tlie  liquid 
molecules  is  greatest  at  a  tenqierature  of  about  39".  2  Fall 
At  this  temperature  the  greatest  number  of  molecules 
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contained  in  one  cubic  inch^  and  the  greatest  iraght  for  a 
given  Tolome  obtains. 

As  the  temperature  of  water  rises  from  30'.2,  its  gaseous 
elements  expand  and  are  supposed  to  increase  their  activity  ; 
and  a  less  number  of  molecules  can  be  contained  in  a  cubic 
inch,  or  other  given  volume ;  therefore  the  weight  of  water  de- 
creiisesas  the  temperature  rises  from  39\2  Fah.  {fide  Fig.  8.) 

L>t.  Crystalline  Forms  of  Water. — As  the  tempej- 
atnre  faUs  below  39°5  Fah.,  the  molecules,  under  one  at- 
mosphere of  pressure,  incline  to  arrange  themselves  in 
crystalline  form,  their  action  is  supposed  to  be  more  vibra- 
tory and  less  progressive,  and  they  become  ic^  at  a  temper- 
ature of  about  32^  Fah. 

The  relative  weights  and  volumes  of  distilled  water  at 
diffetvut  temperatures  on  the  Fahrenheit  scale  are  shown 
numerically  in  the  table  on  the  following  page. 

^Uthough  there  is  a  slight  difference  in  the  results  of 
psperiments  of  the  best  investigators  in  tlieir  attempts  to 
obtain  the  temperature  of  water  at  its  maximum  density,  it 
is  commonly  taken  at  39.2"  Fah.,  and  the  weight  of  a  onbic 
foot  of  water  at  this  t*Mnj>erfttnrp  as  62.425  j^)Ound.s  and  the 
weipiht  of  a  United  States  gallon  of  water  at  the  same  tem- 
perature as  8.379927  pcmnds. 

155.  Fonuula  for  VoliuMes  at  Different  Temper- 
atureR.— The  tables  of  weights  and  volumes  of  water  is 
extended,  with  intervals  of  ten  degrees,  to  the  extreme  limits 
^lliin  which  hydraulic  engineers  have  usually  to  experi- 
ment. The  intermediate  weights  and  volumes  for  inter- 
inf^liate  t^nnperatures,  may  be  readily  interpolated,  or 
^fewnce  may  be  had  to  the  following  formulas  taken  from 
Watt's  '*  Dictionary  of  Chemistry,"  combining  the  law  of 
expansion  as  determined  by  e3q)erimentfl  of  Matthiessen, 
Sorby,  Kopp,  and  Rossetti. 
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TABLE     No.    38, 

Weight  akd  Volume  of  Distilled  Water  at  Different 
Temperatures. 


1  Ratio  oTvohime  to 

Temperature 

Welffbi  of  a  cu. 
fL  la  pouads. 

Difference. 

volume  of  rqual  wt. 

1  at  max.  density  of 

icmpcralure. 

39.-'  K.h. 

amcrzacm. 

Ice. 

57.200 

.9x6300 

3'°  . 

62.417 

5-*>7 

1 

.000129 

.083829 

39-«' 

62.425 

.008 

. 000000 

.000129 

K 

62.423 

.0O2 

,         t 

. 000004 

.000004 

^"1 

62 . 409 

.014 

000253 

.000249 

6o° 

62.367 

.042 

.000929 

.000676 

''"l 

62.302 

.065 

001981 

001052 

80° 

62.21S 

.084 

00332 

001339 

K 

62.119 

.099 

00492 

.00160 

100° 

62.000 

.119 

00686 

00194 

no" 

61    867 

•133 

00902 

00216 

120° 

61.720 

.147 

or  143 

00241 

130° 

61.556 

.164 

01411 

00268 

•4°: 

61.388 

.168 

01690 

00279 

To 

61.204 

.184 

01995 

00305 

160' 

61.007 

.197 

02324 

00329 

.70° 

60.801 

.206 

02671 

00347 

180° 

60.587 

.214 

1         ' 

03033 

00362 

,90° 

60.366 

.221 

1         I 

0341 1 

00378 

200 

60.136 

.230 

1         ] 

1 

03807 

00396 

aio** 

59.894 

.242 

_ 

04226 

00419 

212^^ 

59-707 

.187 

04312 

ono86 

Let  V=  ratio  of  a  given  volume  of  distilled  water,  at  the 
temperature,  T,  on  Fahrenheit's  scale,  to  the  volume  of  an 
equal  weight,  at  the  temperature  of  maximum  density. 

W=  weight  of  a  cubic  foot  of  distilled  water,  in  pounds, 
at  any  temperature,  Fahrenheit. 

For  temperatures  82'  to  70"  Fah. 
V=  1.00012  -  0.000033914  x  (T  -  32)  +  0.000023822  x 
(T  -  32)*  -  0.000000006403  (T  -  32)\ 
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^^^^  For  temperatures  above  70  . 

I        V  =  0.99781  -r  0.00006117  x  ^T  -  32)  +  0.000001059  x 

■  (T  -  32)'. 

■  y 

■  156.  Weight  of  Pond  Water,  — Fresh  pond  and 
brook  waters  are  slightly  heavier  tlian  distilled  water,  and 
wlien  not  loaded  with  sediment  have,  for  a  given  volume, 
an  increased  weight  equal  to  from  O.OOOOo  to  0.0001  of  an 
equal  volume  of  distilled  water, 

K        157.  CoiuiiressibiUty  and  Elantic-ity  of  Water.— 

"The  compression  of  rain-water,  according  to  experimental 
results  of  Canton,  is  0.000046  and  of  sea-water  0.000040  of 
its  volume  imder  the  pressure  of  one  atmosphere. 

K  According  to  experiments  of  Regnanlt-,  water  suffers  a 
diminution  of  volume  amounting  to  48  pai-ts  in  one  million^ 
when  submitted  to  the  pi-essure  of  one  atmosphere,  equal  to 
14.7*)  pounds  per  square  iuch,  and  to  96  parts  when  sub- 
mitted to  twice  that  pressui'e. 

H  Grassi  found  tlie  compressibility  of  water  to  be  GO  parts 
at  37""  Fah.,  and  44  parts  at  127^  Fah.  in  each  million 

»  parts,  with  one  atmosphere  pressure. 
A  column  of  water  100  feet  high  would,  according  to 
these  estimates,  be  compressed  nearly  one-sixteenth  of  an 
inch. 

The  degree  of  elasticity  of  fluids  was  discovered  by  Can- 
ton in  1762.    He  proved  that  the  volume  of  liquids  dimin- 
ished slightly  iu  bulk  under  pressure  and  proportionally 
Bio  the  pressure,  and  recovered  their  original  volume  when 
the  pressure  ceased. 

This  has   been   confirmed   by   experiments  of    Sturm, 
ited,  Regnault,  and  others. 
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PRESSURE    OF   WATER. 


158.  Weights  of  Individual  Molecules.— If  a^n 

we  consider  the  molecules  of  water  magnified,  as  before  ex- 
plained, we  can  conceive  that  each  moleaule  has  its  indi- 
vidual weight,  and  is  subject,  indefpendently^  to  the  force 
of  gravity.  Consider  again  the  film  of  water  of  one-hun- 
dredth of  an  inch  in  depth,  flowing  through  the  orilice  of 
same  depth,  and  imagine  the  orijice  to  be  magnified  also  in 
the  same  proportion  as  the  molecules  have  been  imagined 
to  be  magnified,  tliat  is,  to  five  million  molecidediameti^rs; 
then  the  immense  leverage  that  gi*avity  has,  proportionally, 
upon  each  molecule  to  set  it  in  motion  and  to  press  it  out 
of  the  orifice  can  be  conceived,  and  the  reason  why  there  is 
apparently  so  little  frictional  resistance  tn  the  jmssage  of 
the  molecules  over  eacli  otlier  will  be  apparent. 

159*  liidivifltiiil  Molecular  ActiouH. — The  maguifitd 
molecule  can  also  be  conceived  to  be  acting  independently 
n]>rin  any  side  of  its  n^aining  vessel,  or  upon  any  other 
molecule,  with  winch  it  is  in  contact,  with  the  combined 
weight  or  pressure  of  all  the  molecules  acting  upon  it. 

In  a  volume  of  fluid,  each  molecvJe  presses  in  any 
directiofi  from  which  a  si/fficievt  resistance  is  opposed^ 
toith  a  pressure  due  to  the  comhined  natural  pressures  of 
all  molecules  acting  upon  it  in  that  direction^  and  also 
with  the  pressure  transmitted  throu-gh  them  from  any 
exterior  force. 

In  treatises  on  hydrostatics,  propositions  relating  to 
pressures  of  fluids  are  commonly  stated  in  some  form  sim- 
ilar to  the  following  :*  '*  When  a  fluid  is  pressed  by  its  own 
weight,  or  by  any  other  force,  at  any  |)oint  it  presses 
equally  in  all  directions." 

*  Vide  Button's  MathcmfttioB,  UjrSrotitAticfl.  §810. 
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160.  I*re8«ire  Proportional  t<»  Depth.— The  pres- 
sure of  a  fluid  at  any  point  on  an  immersed  aiirface,  ie  in 
proportion  to  tlie  tertical  dfrptk  of  that  point  Ix^low  the  sur- 
Eace  uf  the  fluid ;  but  not  in  proportion  to  variable  breadths 
of  the  fluid. 

In  vessels  of  shapes  similar  to  Fig.  9  and  Pig.  10,  con- 
taining (^-qual  vertical  depths  of  water,  the  jin'ssures  on 
equal  areas  of  the  liorizontal  bottoms  are  equal ;  also  the 
preasures  on  equal  and  similar  areas  of  their  vertical  sides, 
laving  their  centres  of  gravity  at  equal  depths,  are  equal. 


Fi«. ». 


Pio.  10. 


Hi 


ej- 
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161.  Individual  Molecular  R^^aotions.— Any  parti- 
cle of  fluid  that  receives  a  jiressnre  reacts  with  a  farce  equal 
toiht  prestsiire^  if  its  motion  is  resisted  upon  the  opposite  side. 

Any  point  of  a  fLved  surface  pressed  by  a  particle  of 
water  rmcts  upon  tJie  particle  with  a  force  equal  to  tlie 
pressure  of  the  particle. 

The  large  b^wly  of  water  in  the  section  A  of  the  tank. 
Fig.  9,  is  perfectly  counterbalanced  by  the  slender  body 
ill  the  section  a",  A  pressure  equal  to  that  due  to  the 
weight  of  all  the  particles  alx)ve  tiio  horizontal  bottom  sur- 
faw,/,  acts  upon  that  surface,  and  the  surface  reacts  with  an 
*^nal  pressure  and  sustains  all  those  particles.  The  effect 
would  be  similar  if  the  8Uifac«,  or  a  portion  of  it,  was  in- 
clined or  curved ;  thefefore,  only  a  pressure  equal  to  the 
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weight  of  those  particles  vertically  over  the  opening  in  the 
partition,./',  acts  upon  tho  column  below  the  partition/*. 
The  right  and  left  horizontal  pressures  of  the  individual 
particles  of  A  are  traiisnntt<^l  to  the  particles  on  the  right 
and  loft,  which,  in  torn,  react  with  equal  pressures,  and  sua- 
tain  them  from  motion  sideways.  The  particles  in  contact 
with  the  partitions  a  and  b  transmit  their  pressures  horizon- 
tally to  the  partition,  which  in  turn  react  and  sustain  them, 
and  all  the  particles  remain  in  equilibrium. 

163.  Eqiiilibriuiu  BestroyiMl  by  an  Orifice. — If  an 
orifice  is  made  at  the  bottom  of  the  side  by  then  the  particles 
at  that  point  will  be  relieved  of  the  reaction  of  the  point,  or 
of  its  support,  equilibrium  will  be  destroyed,  and  motion 
will  ensue,  and  all  tlie  particles  throughout  A  will  begin  to 
move  toward  the  orifice,  though  not  >^ith  equal  velocities. 

1G3.  I*rt\ssure8  IVoiii  Vertical,  Inclined  and  Kent 
Columns  of  "Water. — In  Fig  10  the  i)articles  in  the  body 
of  water,  By  are  pressed  with  a  pressure  due  to  the  weight 
of  any  one  vertical  cohimn  of  particles  or  molecules  in  the 
body  of  water  above  tlie  opening  in  the  partition  (/,  conse- 
quently the  reaction  horizontally  from  any  point  in  the 
partition  c\  or  downward  from  any  point  in  the  covering 
partition  ^,  or  upward  from  any  point  in  the  bottom  d,  is 
equal  to  the  weight  of  a  column  of  molecules  pressing  upon 
that  point,  of  height  equal  to  the  depth  of  the  given  point 
below  the  surface  of  the  water  a'b,  Tlie  pn'ssore  due  to 
this  vertical  column  of  molecules  would  still  remain  the 
same  if  the  column  a'g  was  inclined  or  bent,  so  long  as  the 
water  surface  remained  in  the  level  a'  h\  as  is  evident  by 
inspection  of  the  column  h." 

Since  the  downward  reaction  from  any  point  in  tlie  sur- 
face g  is  equal  to  the  pressure  of  a  column  of  molecules 
equal  in  height  to  a'^,  this  reaction  is  added  to  the  action 
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of  gravity  on  all  the  moleciiles  beneath  the  given  point  in  g^ 
therefore  the  pressure  on  any  point  in  <f,  beneath  the  given 
point  in  g^  is  equal  to  tlie  pressure  of  a  column  of  molecules 
of  height  a  d. 

104,  Artificial  Prpssivrc. — If  in  the  vessel  illustrated 
"by  Fig.  10,  we  close  the  openings  h'  and  b"  at  the  level  of 
the  wat*^r  surface,  and  fit  a  piston  carrying  a  weight  into 
le  opening  a\  then  we  will  increase  the  pi-essure  at  points 
r,  e\  h\  b'\  etc.,  respectively,  an  amtiiuit  equal  to  the 
ire  received  by  a  point  in  contact  with  the  piston  at  a'. 
is  artificial  pressure  is  equal  in  cftbct  to  a  coluinTi  of  fluid 
placed  upon  a'  of  weight  equal  to  the  weight  of  the  loaded 
piston. 

165.  Pressnre  upon  a  I^nit  of  Surface. — Since  one 

cubic  foot  of  water,  measuring  144  square  inches  on  its 

B)ase  and  12  inches  in  lieight  weighs  62.425  pounds,  there 

Tiust  be  a  pressure  exerted  by  its  full  bottom  area  of  62.425 

nounds,  and  by  each  square  inch  of  its  bottom  area  of 

B^^J?^  =\  0.433472  pounds  for  each  foot  of  vertical 

flepth  of  the  water. 

In  ordinary  engineering   calculations   62.5   pounds  is 
taken  as  the  weight  of  one  cubic  foot  of  water,  and  0.434 

konnds  as  the  resulting  pressure  per  square  inch  for  each 
vertical  foot  of  depth  below  the  surface  of  the  water.  Tliese 
wei^^hta  used  in  the  computation  of  the  following  table,  give 

^osely  approximate  resultSj  slightly  in  excess  of  the  true 

Breightfi. 

■  In  nice  calculations,  as  for  instance,  relating  to  tests  of 
Turbines  to  determine  their  usn^ful  effect,  or  of  pumping 
engines  to  determine  their  duty,  the  weights  due  to  the 
measured  temperatures  of  the  water  are  to  be  taken. 
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TABL.E     No.    39.                                 ^^| 

^^H        Pressu 

RES  OF  Water  at   Stated  Vertical   Depths   below  thk  1 

Surface  of  the  Water,  at  Temp.  39.2°  Fah.                   1 

^^^H           Demi. 

PKBSfKK  PES 

PXBSSURS   l^M 

Dmrm. 

pRKML'B*  rax 

PnSSOVBFSK 

Sg.  Inch. 

Sq.  Ko<rr. 

Sq.  Inch. 

Sq.  Foot. 

■ 

/'aMHdi. 

fimmdt. 

F€ft, 

Humdt. 

Pvmmdi. 

^^H 

■4335 

62.425 

36 

15.60 

2347,30 

^^^B 

.8670 

124.85 

37 

16.04 

2309.72 

^^1 

1.300 

187.27 

38 

16.47 

2372.15 

^^m 

1-734 

248.70 

39 

16.91 

»434-57 

^H 

2.167 

312.12 

40 

17-34 

2497.00 

^^H 

2.601 

374-55 

4i 

'7-77 

2559.42 

^^1 

3-035 

436.97 

42 

18.21 

2621.85 

^^1 

3.468 

499.40 

43 

18.64 

2684.27 

^^B 

3.902 

561.83 

44 

19.07 

2746.70 

^^^H 

4.335 

624.25 

45 

'9-5' 

2809.12 

^^^B 

4.7^8 

686.67 

46 

19.94 

287'.55 

^^^H 

5.202 

749.10 

47 

20.37 

2933.97 

^H 

5636 

811.52 

48 

20.81 

2996.40 

^^m 

6.069 

873.95 

49 

31.24 

3058.S2 

^^B 

6503 

936.37 

50 

21.67 

3121.25 

^^1 

6.936 

998.80 

60 

26.01 

3745-5 

^^H 

7.370 

1061.23 

70 

30.35 

4370 

^^B 

7.803 

1123-65 

80 

34.68 

4994 

^^B 

8-237 

1186.07 

90 

39.01 

5618 

^^^H 

8.670 

1248.50 

100 

4335 

6242.5 

^^^B 

9- 104 

1310.92 

no 

47.68 

686  7 

^^^1 

9-537 

'373-35 

120 

52.02             7491            ■ 

^^B 

9.971 

M35-77 

'30 

56.36     ,811s            1 

^^B 

10.40 

1498.20 

140 

60.69 

8739 

^H 

10.S4 

1560.62 

'50 

65.03 

9364 

^H^ 

11.27. 

1623.05 

160 

69.36 

9988 

^^B 

11,70 

1685.47 

170 

73'7o 

10612 

^^B 

12.14 

1747.90 

180 

78.03 

"237 

^^B 

12.57 

1810.32 

I        '90 

82.36 

11861 

^^B 

13.00 

'872.7s 

'        300 

86.70 

12485 

^H 

»3-44 

'935.'7 

1        210 

91.04 

13109 

^H 

13-87 

1997.60 

220 

95.37 

'3733 

^H 

I4.3< 

2060.02 

1       230 

99.71 

'4358 

^H 

14.74           ,        2132.45 

240 

104,04 

14982 

^H 

15.17          '      2184.87 

250 

108.37 

15606 

^H             1G4 

FS.  Equivalent  Forces. — In  many  compatations  in  1 

^^B       elemei 
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acting  from  a  weight  as  equivalent  to  the  force  of  a  pressure 
and  to  place  weights  to  represent  statical  forces. 

Ou  oae  square  foot  of  the  bottom  of  a  vessel  containing 
one  foot  depth  of  water,  a  pressure  is  exerted  by  the  water 
that  would  tend  to  prevent  any  other  force  from  lifting  up 
that  bottom.  We  might  remove  that  water  and  substitute 
the  pressure  of  a  quantity  of  oil,  or  of  stone,  or  of  iron,  as 
an  equivalent  for  the  pressure  of  the  water,  but  to  be  an 
eawjt  equivalent  its  weight  must  be  exactly  the  same  as  the 
weight  of  the  water.  In  this  case  we  should  take  for  the 
62.5  pounds  pressure  in  the  water,  62.5  pounds  weight  of 
oil,  or  of  stone,  or  of  iron. 

H>7,  Weight  a  Measure  of  Pressure, — Weight  is, 
then,  a  standard  whose  unit  is  one  pound,  by  which  pres- 
sures may  be  compared  and  measured. 


168.  A  Line  a  Measure  of  Weight.— In  graphical 
WRtics  we  are  also  accustomed  to  represent  weights  by  liTies 
^uich  are  drawn  to  some  scale. 

If  two  forces  act  upon  the  centre  of  gravity  of  a  body, 
^-  11,  one  of  which,  a,  is  equal  to  30  pounds,  and  the 
other  J,  to  40  pounds,  we  can,  after  adopting  some  scale, 
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say  one  inch,  to  equal  one  pound,  represent  the  force  a  by 
a  line  30  inches  long,  drawn  from  some  given  jwint,  <7,  in  its 
direction  of  action,  f/a\  and  the  foixie  b  by  a  line  40  inches 
long,  drawn  from  the  same  point,  in  its  direction,  gb'.  Now, 
if  we  draw  lines  lix>m  the  end  of  each  line  thus  produced 
parallel  to  the  other  line  to  r,  comj^leting  the  parallelogram, 
and  then  diuw  the  diagonal,  /^r,  tlien  the  resultant  of  the 
two  forces  will  pass  through  the  line  gr^  and  the  length  of 
gr  will  re]m'sent  the  cfimbined  effect  of  the  two  forces  in 
this  direction.  Its  It-ngth  will  be  50  inches  =  Vygby-^  K^'Tf^ 
and  the  combined  effect  of  the  two  forces  in  tliis  direction 
will  be  50  pounds. 

169.  A  Line  n  Meamire  of  Pressure  upon  a  Sur- 
face.— Let  the  dimensions  of  the  top  surface  of  tlie  body  A, 
be  10  feet  long  and  3  feet  wide,  and  its  area  be  30  square 
feet ;  let  the  side  dimensions,  B,  be  10  feet  long  and  4  feet 
high,  and  its  area  be  40  square  feet ;  let  the  pn»ssure  upon 
each  surface  be  one  poimd  per  square  foot,  and  the  direc- 
tion of  the  pressure  be  shown  by  the  arrows  a  and  6.  The 
body  being  solid,  the  forces  are  to  be  considered  as  acting 
throngli  its  centre  of  gravity.  We  can  now  plot  the  pres- 
sure upon  A  of  30  pounds  in  its  direction,  and  upon  fi  of 
40  pounds  in  its  direction,  and  the  diagonal  of  the  i)arallel- 
ogram  gr  will  give  the  direction  and  ratio  of  the  resultant, 
as  IxTore.  T\m  forces  being  equal  to  those  before  considen»d 
as  actinr;  npon  a  pointy  will  again  give  a  diagonal  50  inches 
long  ami  iudicating  an  effect  of  50  jnjunds. 

It  is  plain,  then,  that  we  can  take  the  line  ga\  or  the 
line  b'r,  which  is  equal  to  it,  to  repn^'sent  the  force  or  pres- 
sure a  acting  upon  the  point  g  or  upon  the  surface  A  ;  and 
we  can  take  the  line  gb\  or  the  line  «>,  to  n^pn^si^nt  the 
force  or  pressure  b  acting  upon  the  point  g  or  the  surface  B, 
and  the  line  gr  to  represent  the  combined  effect  of  the  two 
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force?.    In  yarioufl  calculations  it  is  conrt^nient  to  be  able 
to  [In  tills. 

170,  Diagonal  Force  of  Combined  Pn^swiireK 
Ciraphic-ally  Ke]ireHent4HL — Again,  if  we  know  the  mag- 
nitude of  the  force  r  acting  tbrougli  the  rentre  of  the  body, 
and  we  desire  to  know  the  magnitude  of  the  effects  upon 
llie  sides  A  and  i?,  in  directions  at  riglit  angles  to  tliem, 
that  produced  tlie  force  r,  we  draw  the  line  /  to  a  scale  in 
tlie  direction  the  force  acts,  and  fi-om  both  of  its  ends  draw 
lioes  to  the  same  scale  in  directions  at  riglit  angles  to  the 
ados  ^  and  B.  and  ])roportional  to  their  areas,  as^^/  and  r/A', 
and  complete  the  parallelogmiii ;  tlien  will  ga  nieasun^il  to 
scale  indicate  the  effect  of  the  for<:e  a  upon  -1,  and  yb' 
measured  to  scale  indicate  tlie  force  h  upon  B,  If  gr 
meafiiues  50  jxjunds,  then  will  ga'  measuit?  30  jiounds  and 
(fi  measure  40  p4junds. 

ni.  Angular  IteHultant  of  a  Forc*<^  Graphically 
RcpreHcntecl. — If  a  force  ivpresented  by  the  line  ag^ 
Fig.  12,  a(!t«i  upon  and  at  right 
angles  to  an  inclined  suiface/e 
&ti/,tliHn  its  horizontal  n'wultant 
^1  be  represented  by  the  line 
^,  and  the  end  &  will  b*^  perpen- 
dicularly beneath  a.  The  ratios 
of  the  lengths  of  the  lines  (ig  and 
«*  and  hg  are  the  ratios  of  the 
^wts  of  the  force  In  their  three 
directions  respectively. 

If  a  perpendicular  line  be  let  fall  from  /  upon  the  hori- 
zontal line  ed^  intersKiting  it  in  tJ,  then  the  ratio  of /V  iofd 
^  he  equal  to  the  ratio  of  ag  t/i  hg ;  conw^iuently,  the 
^^rizontal  pressure  or  effect  of  the  foK*e  ag  upon  fe  would 
^  to  its  direct  effect  as/d  is  iofe.    Therefore,  the  ratio  of 
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the  line  fd  to  fe  equals  the  ratio  of  the  TioTizoTital  effecl 
the  direct  force  upon,/ 6-. 

The  ratio  of  the  vertical  downward  effect  of  the  force  a 
upon  fe  is  to  its  direct  effect  as  the  length  ab  to  the  length 
a<7,  and  also  as  the  length  ed  to  the  length  ef.  Tlierefore, 
the  ratio  of  the  line  or  surface  ed  to  tlie  llneyc?  n*prespnts 
the  mtio  of  tlie  terticdl  downward  effect  of  the  direct  force 
upon/*?, 

172.  Ang:ular  Effects  of  a  Force  Represented  by 
the  Sine  iind  Cosine  of  the  Augrle. — Also,  ah  is  the 
sine,  and  hg  the  cosine  of  the  angle  agn^  and  we  have  seea 
that  their  ratios  are  to  radius  ag  as  ed  and  fd  are  to  fe; 
tlierefore  the  vertical  and  horizontal  effects  of  the  force  a 
ui)on  the  inclined  surface/e  are  to  its  direct  force  as  the  gdne 
and  cosine  of  the  angle  tfd  is  to  radius/i^. 

17:i.  Total  Pressure, — To  find  the  total  presstue  of 
quiet  water  on  anj  given  surface :  MuUiply  together ^  ii^ 
area^  in  square  feet;  the  vertical  deptJi  of  its  centre  <^ 
gramty^  below  the  water  surfiace,  in  feet;  and  the  weight 

of  one  ciihicfoot  of  water 

Q      in  pounds  (=  62.5  lbs.). 

In   the   tank,   Fig.   13, 

tilled  with  water,  let  the 

depth  a&  be  9  feet ;  then 

the  centre  of  gravity  of 

the  surface  ab  will  be  at 

a  depth  from  a  equal  to 

one-half  ab  =  4i  feet.    If 

the  length  of  the  side  ab 

is  1  foot,  then  the  total  pressure  on  ab  will  equal 

9  ft.  X  1  ft.  X  4J  ft,  X  62.5  lbs.  =  2531.25  lbs, 
174.  Direction  of  Maixi  mum  Effect. — T\\e  directioTi 
qf  tlie  maximum  effect  oi  a  pressure  on  a  plane  sorfiice  lA 
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iwars  ai  right  angU*  to  ike  surface.  The  maxiumm  hori- 
Dotal  eSect  of  the  pressure  on  the  uuit  of  leugth  of  ab 
equate  Qte  product  of  aby  into  the  depth  of  its  centre  of 
grariiy,  into  tlie  unit  of  preeeure.  Tlie  homontal  effect  of 
preasore  on  the  unit  of  length  of  cd  equals  the  product  of 
ita  vertical  projection  Cf,  into  the  depth  of  it^  c«nitri*  of 
grariu-,  into  the  unit  of  pr(»ssure  ;  and  tlie  vertical  elTtvt  of 
pr^sgnre  on  cd  equals  tlie  pn>duct  of  its  horixontul  pn>Ji*c- 
lionde,  into  the  depth  of  its  centrr^  of  gravity,  into  tlie  nnit 
ofpn*5STirp, 

Ua.  Horizoiita]  anil  Vortienl  Kireets.— Assuming 
thelongth  of  the  side  erf  to  be  radius  of  the  uiigle  rf/y,  then 
the  total  pressure  on  cd  is  to  its  honzontal  elft'Ct  as  radius 
^  is  to  the  cosine  ce  of  the  angle  dcCy  or  as  tlie  Biufaoe  rd 
is  to  its  vertical  projection  ce;  and  the  total  pressun*  is  to 
it?  vertical  effect  as  radius  «?  is  to  the  sine  d^  of  the  same 
angle,  or  as  «i  to  d^*. 

The  f4)tal  pressure  on  dg  is  to  its  horizontal  tffert  as  dg 
J8  to/^,  or  to  the  cosine  of  the  angle  d^f;  and  to  ita  vertical 
xHfed  as  dg  to  df,  or  to  the  sine  of  the  angle  dgf. 

176.  Ceuti^rH  of  Pn^Hsure  aiui  of  (iravUy.— The 
centre  of  hf/droHatic  p7'essun\  wliich  toads  to  overturn  or 
posh  horizontally  the  siufacx*  of  equal  width,  ab,  is  not  in 
the  center  of  gravity  of  that  surftUM?,  but  in  a  point  at  two- 
thirds  the  depth  from  a  at  p  =  6  feet. 

The  center  of  gravity  of  the  surface  cd  is  at  one-half  the 
vertical  depth  ce,  at  h,  or  at  one-half  the  length  of  the  slojie 
<tf,  at  h,  Tlie  points  h  and  /*'  are  both  in  tlie  wime  hori- 
zontal plane.  \VTien  the  water  surface  is  at  ac^  the  center 
of  presinm?  of  the  surfotre  cd  is  at  two-thirds  of  the  vertical 
^T^  «,  at  p\  or  at  two-thirds  the  slopt*  erf,  at  p.  Tlie 
pokibi  //  and  p  are  in  the  same  horizontal  plane.  If  cc 
«x  feet,  then  the  center  of  gravity  of  «Z  or  ce  vnll  be 
12 
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at  the  vertical  depth  of  three  feet  =  ch\  and  the  center  of 
presstut*  at  tlio  vt^rtical  depth  of /our  feet  =  cp. 

Tlie  center  of  gra\nty  of  the  surface  dg  is  at  a  depth 
from  the  water  suiface  c,  equal  to  the  sum  of  one-half  the 

vertical  depth  /g  added  to  the  depth  ce  —  ce  +*^,  and  the 

center  of  pressure  of  dg  ha  Bi  b,  vertical  depth  equal  to 

«  7^ — rT«  —  <^P  =  7.6  feet, 

177.  Pressure  upon  a  Cnr\'Pd  Surface  and  Effect 
upon  its  Projected  Phnio,— In  a  vessel,  Pig.  14,  filled 
with  water,  one  of  whose  ends,  ab^  is  a  segment  of  a  cylin- 
der, and  opposite  end  in 
part  of  the  vertical  plane 
a"b',  and  in  part  of  a 
hemisphere  cd,  the  total 
pi-essure  on  ab  will  be 
as  tlie  total  surface  ai ; 
but  its  horizontal  effect 
will  be  as  the  area  of  its 
vertical  projection  a'b.  The  total  pR^ssure  on  the  end  a"b\ 
will  ]>e  as  tlie  nMuainiiig  surface  of  the  vertical  plane  a'd^" 
increased  by  tlie  concave  surface  of  the  hemisphere  cM,  but 
its  horizontal  effect  will  be  equal  to  its  vertical  projection 
a"'b"'  or  a'b.  The  vertical  effect  on 
the  plane  a'b"  is  equal  to  zero,  but 
the  vertical  effect  of  the  pressure  in 
the  hemisphere  is  represented  by 
the  plan  of  one -half  a  sphere  of 
diameter  eqnal  to  rd. 

In  a  hollow  sphere.  Fig.  16,  filled 
with  water,  the  total  pressuie  will 
be  as  the  total  conc-ave  surface  a'lih'li'\  but  the  horizontal 
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«ftct  will  be  as  its  vertkail  projection  oft,  which  ivpn»8iMita 
a  circalar  nrdcal  plane  of  diameter  txiuul  to  ab^  aiid  tht» 
mtical  effect  will  be  as  it8  horizoutal  pnytMrtion  hh  \  whirh 
ippreaentd  a  liorixontal  circular  area  of  diatuetej-  t*qnal 
yibb\ 

In  a  pipe,  or  cylinder,  represented  also  in  st'ctlou  by 
F^.  15,  the  total  pressure  within  is  as  the  iunt' r  cirrumfer- 
fOtial  arwi  ahbh\sLiid.  when  the  cylinder  lies  horizontailly 
the  horizontal  and  vertical  effects  of  its  pressure  in  a  unit 
of  length  will  be  represented  by  its  vertical  and  horizontid 
projections  ab  and  bb\ 

If  the  cylinder  is  inclined,  the  pressure  at  any  point 
Qpon  its  circuinfcrence  is  us  tlit;  dt^pth  of  that  point  Inflow 
the  surface  of  the  water,  and  the  total  pressuri!  in  pounds 
upon  any  section  of  the  cylindel"  will  be  found  by  multi- 
plying its  area  in  square  feet  into  the  d<»ptli  of  its  centiT  of 
gravity,  in  feot,  below  the  surface  of  tho  wator  and  their 
product  into  the  weighty  in  pounds  (02. 5  lbs.),  of  a  cubic 
foot  of  water. 

178.  Center  of  PresHiire  upon  a  Cirmlar  Area*— 
The  center  of  pressure  of  a  vertical  circular  iireu,  r*»pnv 
seated  also  by  Fig,  15,  when  its  top«  is  in  the  water  HurfH<'e, 
i*  at  a  depth  below  a  equal  to  five-fourths  the  radius  of  tlie 
circle. 

179.  Combined  Pressures. — The  sum  of  pressures  in 
pounds,  upon  a  number  of  ai^ljacent  8urfac4*s,  may  1k>  found 
l)y  multii)lying  the  sum  of  their  surfaces  in  S(iuare  feet  iuU) 
the  depth  of  their  common  center  of  gravity,  in  feet,  below 
tile  surface  of  the  water,  and  this  product  into  the  weiglit  of 
one  cubic  foot  of  water,  in  pounds  (62.5  lbs,), 

IMO.  SiixUiiiiiner  PreHHiire  upon  Floating:  and 
8uhn]erg:e<l  Boclies. — ^The  pn*ssure  t<^'ndiug  to  nustain  a 
«jliDder  floating  vertically  in  water  c  (Fig.  16)  is  equal  to 
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the  vertical  eftect  of  the  pressure  on  its  bottom  area.  The 
sustaining  pressun*  may  Ikj  computed,  in  pounds,  hy  mul- 
tiplying the  bottom  aiea  of  the  cyliuder,  in  square  feet,  into 
ita  d*'})th,  in  ftret  (whicli  gives  the  cubical  contents  of  the 
immersed  portion  of  tlie  cylinder),  and  this  product  into 
the  weight  of  a  cubic  foot  of  water. 

The  weight  of  water  displaced  may  be  computed  also  by 
multiplying  the  cubic  contents  of  tlie  immersed  portion  of 
the  cylinder,  in  cubic  feet,  into  the  weight  of  a  cubic  foot 
of  wat^^^T.  The  two  results  will  be  equal  to  each  other ; 
tlu'refore  tlie  vertical  effect  tending  to  sustain  the  cylinder 
is  equal  to  the  weight  of  water  displaced. 

To  compute  the  pressuiv  t<'uding  to  sustain  the  trun- 
cated cone,  or  pyramid,  dy  multiply  the  vertical  projection 
of  the  inclined  surfaces  (=  top  area—  bottom  area),  in  feet, 
into  the  depth  of  tlieir  common  center  of  gmvity,  in  fet»t, 
and  to  this  product  add  the  product  of  its  bottom  area,  in 
feet,  into  its  depth,  in  feet,  and  tlien  multiply  the  Bum  of 
the  products  into  the  weight  of  a  cubic  foot  of  water,  in 
]x)unds. 

This  sustaining  pressure  will  also  equal  the  weight  of 
the  water  displaced. 

To  compute  the  pressure  tending  to  snstain  the  Im- 
mersed cube  e,  multiply,  in  terms  as  before,  the  bottom 
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area  into  the  deptli  aiid  into  the  woight  of  watei\  fuid  from 
iLe  fiii:il  pixxluc't  subtract  thu  product  of  the  top  urea  int<j 
its  depth  und  mto  tlie  weight  of  water.     This  sustaining 
'"pleasure  als<:>  eij^uals  tlie  weight  of  water  dispiooed. 

Tile  do^niward  pressure  ou  the  top  of  e  tends  to  sink  it, 
and  the  upward  pressure  ou  its  bottom  to  8Ui*tain  it.  'JTie 
difference  of  the  two  effects  is  the  resultant.  The  resultant 
will  act  vertically  through  the  center  of  gravity  of  the  body. 
If  e  is  of  tlie  same  8]MH:;ific  gra\ity  as  the  water,  then  its 
weight  will  just  balance  the  resultant,  and  it  will  neither 
rise  or  fall ;  if  of  less  specific  gra\nty  it  will  rise ;  if  of 
greater,  it  will  sink.  The  cylinder  c  is  evidently  of  Jess 
6pt?cific  gravity  than  the  water,  and  d  of  the  siimo  specilic 
gmrity. 

Let  c  be  a  hollow  cylinder  wntli  a  water-tight  bottom, 
then  although  it  may  be  made  of  iron,  and  weights  bf? 
plact*d  within  it,  it  will  ntill  tit>at  if  its  total  weight,  includ- 
ing its  load,  is  less  than  tlie  weight  of  the  water  it  displaces. 
Od  the  same  principle  iron  shijis  float  and  sustain  heavy 
cargoes. 

181.  Upward  PresHure  upon  a  flnbinergred  Lln- 
t^K-If  Ly  Vig.  17,  l>e  a  horizontiil  lintel  covering  a  sluice 
^tween  two  reservoirs,  the  upwaitl  pn^ssure  of  the  wattT 
apoD  ij\  ttmding  to  lift  it,  will  be  equal  to  tlie  product  of 
the  rectangular  area  ij  into  its  depth  and  into  the  weight 
of  a  cubic  foot  of  water;  that  is,  the  upward  pressure  in 
iwonds  will  be  equal  to  the  weight  in  pounds  of  a  prism 
of  water  having  the  rectangidar  ai-ea  ij  for  its  base  and  the 
depth  otij  below  the  surfiwe  of  the  water  for  its  height. 

If  the  lintel  is  constructed  of  timber,  at  a  considerable 
^ppth,  and  is  not  equally  as  strong  as  tlie  enclosing  walls 
"f  the  reservoir  at  the  same  deptli,  it  may  be  broken  in  or 
^bniBt  upward. 
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182.  Atmospheric  Pressure. — Upon  the  particles  of 
all  bodies  of  water  resting  in  open  vt^ssels  or  reser\oire, 

there  is  a  force  constantly 
acting,  in  addition  to  tlie 
direct  force  of  gravity,  upon 
the  independent  particles. 
This  force  comes  from  the 
effect  of  gravity  \v^n  the 
atmosphere.  The  weight 
of  the  atmosphere  produces 
a  pressure  upon  the  sur- 
face of  the  water  of  about 
14.75  pounds  per  square 
inch,  or  about  2124  pounds  per  square  foot.  This  is  equiv- 
alent to  a  columu  of  water  L  4^4^^^^  = )  34.028  fnet  high. 

In  the  open  vessel,  Fig.  18,  tilled  with  water  to  the  level 
a,  the  effect  of  the  pn^ssure  of  the  atmosphere  is  transraitted 
through  tlie  particles,  and  acts  on  all  the  interior  surface 
below  the  wat*T  surface  abha\  with  a  force  of  14.75  pounds- 
on  everj^  square  inch,  in  addition  to  the  pressure  from  the 
weight  of  the  water.  There  is  also  an  equal  atmospiieric 
pressure  on  the  exterior  of  the  vessel  of  14.75  pounds  per 
square  inch ;  therefore  the  resultant  is  zero,  and  the  weight 
of  the  atmosphere  does  not  tend  to  move  either  side  of  the 
vessel  or  to  tear  the  vessel  asimder. 

183,  Rise  of  Water  into  a  Vacuum.— If  the  tube  cd 
be  extended  to  a  height  of  thirty-five  or  more  feet  above  the 
surface  of  the  water,  and  a  piston,  containing  a  proper  valve, 
be  closely  fitted  in  its  upper  end,  then  b}--  means  of  the  piston 
the  air  may  be  pump«?d  out  of  the  tube,  and  the  surtaee  of 
water  in  the  tube  relieved  of  atmospheric  pressure.  Tlie 
equilibrium  of  the  particles  within  the  tube  will  then  be  de- 
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W  Blroyed,  and  the  pressure  of  the  atmoepliere  acting  through 
the  }»article8  in  the  lower  end  of  the  tube  will  press  the 
water  up  the  tube  to  a  height,  according  to  the  perfection 
of  the  vacuum,  of  34.028  feet  approximately.  It  is  atmos- 
pheric pressure  that  causes  pump  cylinders  to  fill  when  they 
are  above  the  free  surface  of  the  water* 

If  the  bottom  of  the  immersed  tube,  cd-,  be  closed  by  a 
▼aire,  aud  the  tube  filled  with  water,  and  the  top  then 

I;  «aled  at  a  height  of  thirty-five  or  more  feet  above  the  sur- 
fcce  of  the  water  aa\  the  valve  at  d  may  afterwards  be 
opened,  and  the  pressure  of  the  atmosphere  acting  through 
the  particles  in  the  lower  end  of  the  tube  will  sustain  the 
oolnmn  to  a  height  of  34.028  feet  approximately. 

184.  Siphon.— If  the  bent  tube  or  siphon,  e/ff,  Fig.  18, 
having  its  legfgf  longer,  vertically,  than  its  leg  e/^  be  filled 
with  water  and  its  end  e  inserted  in  the  water  A,  then  the 
action  of  gravity  upon  the  water  in  the  ]eg/f/^  will  l)e 

I  prater  than  upon  the  water  in  the  leg  e/,  and  the  e<iul- 
Ilbriam  in  the  particles  at/  will  be  destroyed.  Tlie  pres- 
sure of  the  atmosphere  on  the  surface  aa\  will  constantly 
imss  the  water  A  up  the  leg  e/^  tending  to  restore  the  equi- 
hTiriuro,  and  gravity  acting  in  the  leg  /ff  will  as  constantly 
tend  to  destroy  the  ^iquilibrium,  consequently  there  will  be 
a  w>nstant  flow  of  the  water  A  out  of  the  end  g,  until  the 
water  surface  fiiUs  nearly  to  the  level  e,  or  until  tlie  air  can 
enter  at  e. 

IM5.  TmuftmisHiiiii  of  ProHBiire  to  a  Distance.— 
'^^fffect  qf  preHniirt'  on  a  fluid  is  trav9Mitted  ihrtrngh  its 
P^fticles  to  any  distance,  hcwener  indefinitely  greats  to  the 
Unit  of  Its  toluToe. 

If  water  is  poured  into  the  open  top  h\  Pig.  10,  the  divi- 
sion 6'o",  will  fill  as  fast  as  the  division  b\  and  the  water 
*ill  flow  over  hg^  and  will  reach  the  level  a\  at  approxi- 
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mately  the  same  time  as  it  reaches  b" ;  so  in  any  inre 
siphon,  or  in  a  system  of  water  pipes  of  a  town,  water  will 
in  consequence  of  transmitted  pressure,  flow  from  an  ele- 
vated source  down  througli  a  valley  and  up  on  an  opposite 
hill  to  the  level  of  the  soiu-ce.     If  the  syphon,  or  pipe, 
an  indefinite  number  of  branches  with  open  tops  as  high 
tlie  source,  then  the  surface  of  the  water  at  the  source  and 
in  each  of  tlie  branches  will  rest  in  the  same  relative  eleva* 
tion  of  the  earth' s  cuiTature. 

186.  Inverted  Siphon. — By  transmission  of  pressure 
through  the  particles,  water  in  a  pool  or  lake  near  the  sum- 
mit of  one  hill  or  mountain  is  sometimes,  when  the  rock 
strata  have  b*^n  bent  into  a  favoring  shape,  forced  tliniugli 
a  natural  subterranean  inverted  siphon,  and  caused  to  flow 
out  as  a  spring  on  an  opposite  hill  or  mountain  summit       M 

187.  Pressure  Convertible  Into  Motion.— Thus  we    ' 
see  that  the  force  of  gmvity  in  the  form  of  weight  is  con- 
vertible into  pressure,  and  pressure  into  motion ;  and  that 
motion  may  be  converted  into  pressure,  and  pressure  be 
equivalent  to  weight. 

Motion  we  are  accustomed  to  measure  hy  its  rate,  which 
we  term  its  velocity  ;  that  is,  the  number  of  units  of  space 
passed  over  by  the  moving  body  in  a  unit  of  time,  as, 
per  second. 
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MOTION     OF    WATER. 

188.  Flow  of  Water. — All  forces  tendi)ig  to  destroy 
equilibrium  among  the  particles  of  a  body  qf  ioater  tend 
to  produce  motion  in  that  body. 

We  have  above  refern^d  to  the  accepted  theory  of  motion 
due  to  the  influence  of  caloric  ;  there  is  a  motion  of  water 
due  to  the  winds,  a  motion  due  to  the  attraction  of  the 
heavenly  bodies,  and  an  artificial  motion,  as,  for  instance, 
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that  dne  to  the  pressure  of  a  puai}>-pistoa.    The  mulion 

I  herein  to  be  considered  is  that  originated  b?  the  influence 
(►f  grraritj  and  t<?rmed  Hn^Jiow  of  water. 
f.Hll.  Action   of  Gnivity  U|m>ii  Iiidividiiul  3Iole- 
cnleH. — All  naiural  flow  of  vnUer  m  due  to  the  force  of 
gracity^  acting  upon  and  generating  motion  in  U^  indi- 
cfdiuU  molecules. 
If  in  the  side  of  a  veesel  filled  with  water  tliere  be  nutde 
h  oiiiiGe ;  if  one  end  of  a  le\'el  pipe  filled  with  water  be 
lowered ;  or  if  a  channel  filled  with  water  have  its  water 
b  released  at  one  end,  tlien  equilibrium  among  tlie  particles 
H  of  the  water  will  be  destroyed,  and  moticm  of  the  water  will 
B  eDsae.    Gravity  is  the  force  producing  motion  in  either  case, 
a&d  it  acta  npon  each  individual  molecule  as  it  acta  upon  a 

I  solid  body,  free  to  move,  or  devoid  of  friction. 
190.  FYlctionlesH  3Ioveiiient  of  Moieeuleft.  —  The 
molecules  of  water  move  over  and  post  each  other  with  such 
rpmarkable  ease  that  they  have  usually  been  c(Misidered  as 
devoid  of  friction. 
The  formulas  in  common  use  for  computing  the  velocity 
with  wliich  water  flows  ttoxn  an  orifice  in  the  bottom  or  side 
of  a  tank  filled  with  water,  assume  tiiat  the  individual 
molectiles,  at  the  axis  of  tlie  jet,  will  issue  with  a  velocity 
B  eqi]al  to  that  the  same  molecules  would  have  acquired  if 
"    they  had  fallen  freely,  in  vacuo,  in  obedience  to  gravity,  from 
a  height  above  the  orifice  equal  to  the  height  of  the  surface 
I      of  the  water. 

H       19L  Acceleration  of  Motion. — The  force  of  gravity 
perpetually  gives  new  impuUe  to  a  falling  body  and  a4:cel' 
^  viUex  its  motion^  if  omesifltod,  in  regular  maHemaiical 
H   proportion. 

■       Experiment  has  shown  that  a  solid  body  falling  freely 
in  mcyoy  at  the  level  of  the  sea^  poases  through  a  space  or 
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height  of  16.1  feet  nearly,  during  the  first  second  of  time; 
lias  a  velocity  at  the  end  of  the  first  second  of  32.2  feet 
nearly,  and  is  accelerated  in  each  succeeding  second  32.2 
feet  nearly.  The  usual  symbol  of  this  rate  of  acceleratioa 
is  Qy  the  initial  of  the  word  gravity^  and  we  shall  have  6«- 
quent  occasion  for  its  use. 

The  latitude  and  altitude,  or  distance  from  the  centre  of 
the  eartli,  affects  the  rate  of  motion  slightly,  but  does  not 
affect  materially  the  results  of  ordinary  hydrodynamic  cal- 
culations. 

The  resistance  of  the  air  afferts  slighUy  the  motion  of 
dense  bodies,  and  retards  them  more  if  they  are  just  se])a- 
rating,  as  water  separates  into  spray. 

192.  Equations  of  Motion.— The  velocity,  r,  acquired 
by  a  soliil  body  at  the  end  of  any  time,  t-^  equals  the  prod- 
uct of  time  into  its  acceleration  by  gravity,  17,  and  is  directly 
proportional  to  the  time : 

V  :  g  XI  t  \  \j       or       v~gt 

The  height,  hy  through  which  the  body  falls  in  one 
second  of  time  equals  J*/,  and  the  heights  in  any  given 
times,  ty  are  as  the  squares  of  those  times : 

A  :  i*7  ::  ^  :  (l)^        or       h  =  igi'; 
and,  by  transposition,  we  have 

This  value  of  ^  in  the  equation  of  v  gives 


^  =  ffy  g=  '^^«7*" 


Prom  these  equations  we  deduce  the  following  gen« 
ei]uations  of  timey  t;  height,  k;  velocity^  v;  and  accelcra- 
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(1) 
(2) 

(3) 

(4) 


The  time,  sjxice,  and  velocity  are  at  the  ends  of  the  first 
teu  seconds  as  follows : 


71ae(rt 

Velocity  (r> 

Accekntfam  (f ). 


3a.a 


9 
32.9 


3»a 


'ii 

33.9 


5 

4oa.5 
i6i.o 
39.9 


6 
579  « 
193.9 

39.9 


788.9 
995.4 
39.9 


8 

957.6 
39.9 


9 
1304.1 

989.8 
33.9 


10 
itioo 

399 

3a*3 


193.  Parabolic  Patii  of  the  Jet.— If  we  plot  the 
spaces  of  the  column  of     o^  «^  p^^  ^^ 

spaces  or  heights  to  a  |f  ^^  y,^,,^^„^ 
scale  on  a  vertical  line, 
boning  with  zero  at 
the  top,  and  then  from 
the  space  points  plot 
horizontally  to  scale  the 
velocities,  as  in  Pig.  19, 
and  then  from  zero  draw 
a  curved  line  oc,  cutting 
the  extremities  of  the 
horizontal  lines,  the 
cmre  ac  will  be  a  pa- 
rabola, the  vertical  line 
^  its  abscissa,  and  the 
horizontal  lines  its  ordi- 
nates. 


»■  130i.l 
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194.  Velocity  of  Efflux  Proportional  to  the  HemL 

— If  in  the  several  sides  of  a  reservoir  A,  Fig.  19a,  kept 
filled   with  water,  orifices  with    thin  edges   are  made   at 
depths  of  20  feet,  25  feet,  60  feet,  75  feet,  and  100  feet  from  \ 
the  surface  of  the  water,  then  water  will  issue  from  each 


Fio.  19a 


orifice  in  a  direction  perpendicular  to  the  side,  with  a  veloc- 
ity proportional  to  the  square  root  of  the  head  of  water 
above  the  centre  of  gravity  of  the  orifice,  and  equal  approx- 
imately to  the  velocity  one  of  its  particles  would  have 
acquired  if  it  had  fallen  freely  from  the  height  of  the  head. 
195.  Conversion  of  tiie  Foree  of  Gravity  ftum 
PresHure  into  3Ioti<Hi. — The  accumulated  vertical  force 
of  gravity  due  to  the  head  or  "charge"  \vill  act  ojion  the 


of  water  in  the  dbvolkm  cff  the  rnxu  cf  tiw 
aad  graritr  will  beiein  aneir  to  act  opiHi  the  puti* 
dttkaTertkaldiivctkB.  If  the  axis  of  the  ori5oe  is  not 
lotioily  psritj  wQl  deAeok  the  paitides  thnmg^  a 


196b  R<*<ailtant   EflectM  of  Prp«i$iiire  and  t«rav 
a|Min  the  Motion  of  a  Jot. — If  oci  a  line  al,  dfmwn 
ttnw^  the  eeiil£T  of  an  orifice,  perpcmiicnlar  to  the  pUne 
rf  flie  oriSoe,  we  plot  to  scale  the  products'  of  any  civen 
times  into  a  giren  velocity,  and  from  encli  of  the  }x>ints 
thns  indicated  we  plot  vertically  downward  the  di^tance^  a 
body  wfll  fall  freely  in  those  timesi  op,  and  thcni  fnnn  the 
orifice  draw  a  line  through  llio  extremities  of  the  vtitical 
lincB,  the  rurvi«d  line  thus  sketched  will  indicate  the  path 
of  tiie  jet  flowing  from  the  orifice.    The  curved  line  is  a 
parabola,  to  wliich  the  axis  of  the  orifice  is  tangt>nt ;  and 
e  distances  ao  upon  the  tangi-nt  are  equal  and  ]>amllel  to 
ordinate^,  and  repn^sent  the  force  |»er  unit  of  time  given  to 
e  particles  of  the  jet  by  pressure,  aud  tlie  verticids  from 
e  tangent  are  equal  and  pjinillel  to  nbiM?isst*is  and  repre- 
sent by  their  increase  tlieaccelemting  effect  of  gravity  upon 
the  falling  particles.     The  distances  ao  and  op.  ordinates  a/>, 
kmnd  abscisses  au\  form  a  series  <if  i>arallelognmis,  om*  angle 
^n  which  lies  in  the  orifice  and  the  opposite  angh-s  of  wliirh 
B(e  in  the  curved  path  of  the  jvU  and  tlie  diugonids  of  which 
aiv  equal  to  resultants  of  the  effects  of  pn»ssure  and  gmvity, 
197.  EQiial  PreH8ur<»»ffivo  Eqinil  Velocifh^s  hi  all 
Directions. — The  velocities  of  issui»s,  downwaid  IVorii  tln» 
^^ritice  c'and  upward  from  the  orifice  c,  and  horizontally 
0h)n]  the  lower  orifice  b'j  will  be  equal,  since  they  all  are  at 
the  same  depth. 
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198.  Ile^intanee  of  the  Air. — Since  the  vel 
upward  issue  from  c  ia  due  to  the  gravity  force  of  tb 
dc^  acting  as  pressure,  the  jet  should  theoretically  " 
level  of  the  water  surface  d.    The  spreiuiiug  of  the 
and  consequent  enhanced  resistance  of  the  air  prev 
result,  and  the  resistance  increases  as  the  ratio  of 
orifice  to  lioiglit  of  head  decreases. 

109.  Theoretical  Velocities.— The  following 
theoretical  velocities  and  ti/iies  due  to  given  heights* 
has  been  prepared  to  facilitate  calculation : 


TABLE     No.     40. 

correspondekt  heights,  velocities,  and  times 

Bodies. 


OP  d 


«=-s 

►  =  fa^H 

H  =  -^ 

*=V«H 

Haul  in  feet 

Velocity  in  feet 
p«r  second. 

Time 
iiiiecoiida. 

Head  in  feet. 

Velocity  lo  feet 
per  second. 

.OIO 

.80 

.0348 

.145 

3.05 

015 

.98 

.0304 

.150 

3." 

030 

1.13 

.0350 

•155 

3.16 

025 

1.27 

.0394 

,r6o 

3.21 

030 

1-39 

.0431 

.165 

3.26 

035 

1.50 

.0465 

.170 

3.31 

040 

1.60 

.0496 

-175 

3.36 

045 

1.70 

.0527 

.iSo 

3-40 

050 

I  79 

•055s 

.185 

3.45 

055 

1.88 

.0583 

.190 

3.50 

060 

1.97 

.0611 

.195 

3-55 

065 

2.04 

.0632 

.20 

3^59 

070 

3.13 

.0657 

.31 

3.68 

075 

2.20 

.0682 

.22 

3.76 

080 

a. 27 

.070* 

.23 

3.8s 

085 

2.34 

,0725 

.24 

3.93 

090 

2.41 

.0747 

•25 

4.ot 

095 

a. 47 

.0766 

.36 

4.09 

100 

2-54 

.0787 

-37 

4.17 

►  105 

9.60 

.0806 

.28 

4^a5 

.XIO 

S.66 

.0825 

.39 

4.3* 

"5 

2.72 

.0843 

.30 

4-39 

1 30 

2.7S 

.0862 

•3" 

4-47 

"5 

2.84 

.0880 

33 

4  S4 

.130 

2.89 

.0896 

•33 

4.61 

«35 

2.95 

.0914 

•  34 

4.68 

.140 

3.00 

.0930 

•35 

4-7$ 
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CoKUSPcnmmT  Hcigbts,  Vslocities,  and  Times  of  Fallinc. 

BODISS— (GMiiMM)^) 


H  =  -?! 

•  =VvH            < 

_VSi 

H.-'' 

•  •  ♦  vfl 

,.♦.11 

V 

t 

u 

/ 

Had  is  feet 

Vdodtyintat 

TtaM 

WCODdB. 

HMullnfiMt 

Vdodty  In  tott 
P«r  Mcood. 

.36 

4.81 

.1491 

.83 

7.3t 

.3366 

.37 

4.87 

.1510 

.84 

7-35 

.9378 

-38 

4-94 

.1531 

•Si 

7.40 

:IV^ 

•39 

5.01 

.1553 

.86 

7.44 

.40 

5.07 

.1572 

•!Z 

7.48 

.2319 

.41 

5.14 

•1593 

.88 

7-53 

•«334 

.42 

5.20 

.1613 

.89 

7.57 

.3347 

•43 

5-36 

.1634 

.90 

7.61 

■2359 

-44 

5.3a 

.16^ 
.1668 

.91 

7.65 

.2377 

■45 

5.38 

.93 

7.70 

.2387 

.46 

5.44 

.1686 

.93 

7.74 

.2399 

•47 

5.50 

■1705 

•94 

7.78 

.2412 

.48 

5.56 

.1724 

.95 

7.8a 

•  2434 

•49 

5.6a 

.I74» 

.96 

7.86 

.2437 

-50 

5.67 

.1758 

•97 

7.90 

.2449 

•51 

5.73 

■1779 

.98 

7.94 

.2461 

•52 

5.79 

1795 

-99 

7.98 

•a474 

•53 

5.85 

1813 

I. 

8.03 

.2491 

•S4 

5-90 

1839 

1.03 

8.10 

.2518 

•55 

5.95 

1844 

1.04 

8.18 

•2567 

•56 

6.00 

iA6n 

X.O6 

8.36 

•57 

6.06 

1879 

r.o8 

8.34 

•2589 
.2616 

.58 

6.V 

1894 

I -10 

8.41 

•59 

6.17 

1913 

1. 13 

8.49 

.2638 

Jn 

6.23 

1938 

\M 

8.57 

.at^to 

.ti 

6.38 

1947 

BM 

.3685 

jfia 

6.33 

•1959 

1.18 

8.72 

.2706 

.t3 

6.37 

1975 

I.30 

8.79 

•27y> 

-'-« 

6.43 

1990 

1.23 

8.87 

.2751 

-^ 

6.47 

'999 

1.24 

8.94 

-2774 

M 

6.53 

303I 

1.36 

9. Of 

•2797 

s 

6.57 

»37 

1.28 

9.08 

.3819 

-tt 

6.61 

3049 

1-30 

9.X5 

,3843 

-*9 

6.66 

2065 

1.33 

9.21 

.3866 

-75. 

6.7» 

3o6o 

1.34 

9.39 

.288$ 

— » 

6.76 

3096 

'•^ 

9.3^^ 

.2906 

•a 

6.81 

3IXI 

1.38 

9-43 

.2927 

-•7; 

6.86 

3137 

1.40 

9-49 

'3W> 

■*« 

6-91 

3143 

1,42 

9-57 

.2968 

.-s 

6.95 

3154 

1.44 

9,6j 

-2'//! 

Tt 

6.99 

3167 

1-46 

9.70 

.y»io 

"^ 

7-04 

3lfl3 

1-48 

9-77 

-ynf* 

-* 

7-09 

3X98 

1,50 

9^3 

■y^t 

tl 

7-«3 

S3fO 

1.55 

9  9* 

.  31'// 

-k 

7-a 

3336 

1.60 

10-3 

'3^7 

•fe 

7.5 

«3> 

165 

10.3 

3»4 

-s 

7-Jb        i 

MM 

1,70 

14,5           J 

321* 
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Correspondent  Heights,  Velocities,  and  Times  of  Falling 
Bodies — {Continued^ 


H='" 

V  =  4'vH           1 

=  ^?!! 

1 

v^VhH 

/  =  *^?" 

V 

i' 

V 

/ 

\MmmA  lnfe*» 

Velocity  in  feet 

Time 

Vt^mA  In  fre* 

Velocity  In  feel 

Time 

ncwi  in  iccc* 

per  se(»ad.         In 

seconds. 

xiwa  in  leec 

per  second. 

io  seconds. 

*'Z5 

10.6 

•3302 

i    I'i 

23.3 

.7310 

1.80 

10.8 

.3333 

1         8.6 

23.5 

•73x9 

1.8s 

10.9 

•3394 

8.8 

23.8 

.7395 

1.90 

II. I 

•3433 

9- 

34.1 

.7469 

1.95 

II. 2 

.3482 

9.2 

34.3 

•7572 

2. 

11.4 

•3509 

9.4 

34.6 

.7642 

a. I 

11.7 

•3590 

9.6 

34.8 

.7742 

a. 3 

11.9 

.3697 

9.8 

25.1 

.7809 

a. 3 

12.3 

.3770 

10. 

25.4 

.7866 

a.4 

12.4 

.3871 

10.5 

36. 

.8077 

2.5 

12.6 

3968 

II. 

36.6 

.8377 

2.6 

12.9 

4031 

11.5 

27.2 

.8456 

2-7 

13.2 

4091 

12. 

27.8 

.8633 

3.8 

13-4 

4179 

12.5 

28.4 

.8803 

2.9 

13.7 

4234 

13. 

28.9 

.8997 

3- 

13.9 

4317 

13.5 

29.5 

■9153 

3-r 

14. 1 

4397 

14. 

30. 

•9333 

3. a 

143 

4476 

14.5 

30.5 

.9508 

3.3 

14.5 

4552 

15- 

31. 1 

.9646 

3.4 

14.8 

4595 

15.5 

31.6 

.9810 

3.5 

15. 

4667 

i6. 

32.1 

•9969 

3-6 

15.2 

4737 

16.5 

33.6 

I.OI33 

3-7 

15-4 

4805 

17* 

33.1 

1.0273 

3.8 

15.6 

4872 

17-5 

33.6 

1.0417 

3.9 

15.8 

4937 

18. 

34. 

1.0588 

4. 

16. 

5000 

18.5 

34-5 

1.0725 

4. a 

16.4 

5122 

19. 

35. 

1.0857 

4-4 

16.8 

5238 

19.5 

35.4 

I.IOI7 

4.6 

17.2 

5343 

20. 

35.9 

I.II42 

4.8 

17.6 

5454 

20.5 

36.3 

I. 1295 

5- 

17.9 

5587 

31. 

36.8 

I.I4I3 

5.3 

18.3 

5683 

21.5 

37-2 

I. 1559 

5.4 

18.7 

5775 

22. 

37.6 

1. 1702 

5.6 

19. 

5895 

22.5 

38.1 

x.iSll 

5.8 

19.3 

6010 

23. 

38.5 

1. 1948 

6. 

19.7 

6091 

33.5 

38.9 

1.2082 

6.3 

20. 

6200 

34. 

39-3 

X.3214 

6.4 

20.3 

6305 

24.5 

39-7 

1'3343 

6.6 

20.6 

640S 

25 

40.1 

1.3469 

6.8 

20.9 

6507 

26 

40.9 

I. 3714 

7. 

21.2 

6604 

27 

41-7 

1.3950 

7. a 

21.5 

6698 

28 

42.5 

I. 3176 

7-4 

31.8 

6789 

29 

43.2 

1.3426 

7.6 

32.1 

6878 

30 

43-9 

i^3667 

7.8 

33.4                    . 

6964 

31 

44.7 

1.3870 

8. 

22.7 

7048 

32 

45-4 

1-4097 

8. a 

23.              ■         . 

7130 

33 

46.x 

1. 4317 

THEORETICAL   VEIX)C1TIES. 

193      ^^B 

!!ORR£SP0NDENT    HEIGHTS,    VELOCITIES,    AND   TiMES  OF 

Falung        ^^H 

Bodies — {Co^Uinued,) 

^ 

»  =  £l 

»=»^ 

,.^5 

H  =  ^- 

-=I^VH 

■ 

V 

r 

V 

^^H 

■dtnfiwr. 

Velocity  in  feet 

Time 

H^ul  in  <n.t 

Velodiy  in  feet 

Tine                ^^^1 

per  second. 

Ui  Mcoadg. 

1  xicxu  in  lujt. 

per  sccoad. 

Id  tecoiuta,          ^^^^H 

34 

46-7 

1. 4561 

77 

70.4 

^_^H 

'^ 

47.4 

1.476a 

78 

70.9 

2 .  3003            ^^^^H 

48.1 

1.4968 

79 

71.3 

^^^^1 

37 

48. d 

I. 5164 

80 

71.8 

^^^H 

38 

49.5 

1-5354 

8x 

72.2 

3.3436              ^H 

39 

50.1 

1-5569 

82 

72.6 

2.3590          ^^H 

¥y 

50.7 

'-5779 

83 

73-1 

2.3709          ^^H 

41 

51-3 

1.5984 

84 

73.5 

^^^H 

4a 

52. 

t.6154 

85 

74  0 

^^^1 

43 

53.6 

1.6350 

86 

74.4 

^^^H 

44 

53.2 

1.6541 

87 

74.8 

^^^H 

*l 

53.8 

t.6729 

88 

75.3       , 

^^^1 

46 

54.4 

I.6f;l3 

89 

75.7       ' 

^^^1 

^Z 

55- 

1.7090 

90 

76.1 

^^H 

4B 

55.6 

[.7266 

9> 

76.5 

^^H 

49 

56.3 

t-7438 

92 

76.9 

■  3937          ^^^H 

50 

56.7 

1.7637 

93 

77-4 

^^^H 

5X 

57.3 

1. 7801 

94 

77.8 

3.4x65               ^H 

5a 

57.fl 

1-7993 

95 

78.2 

2.4397               ^H 

53 

58.4 

r.8151 

96 

78.6 

2.4427       *         ^ 

54 

59. 

1.8305 

97 

79-0 

2-4557 

55 

59-5 

1.8487 

98 

79.4 

2.4685 

56 

60. 

1.8667 

99 

79.8 

2.4812 

57 

60.6 

I.33I2 

too 

80.3 

2.4907 

58 

6t.i 

1.8985 

"5 

5:; 

2.7871 

1' 

61.6 

I. 9156 

150 

3.0519                             , 

60 

62.1 

1-9324 

175 

rofi 

3-3019 

61 

62.7 

1.9458 

300 

114 

3.5088 

63 

63.2 

1.9620 

225 

120 

3- 7500 

63 

63.7 

1.9780 

350 

126 

3-9683 

64 

64.2 

1.9933 

275 

133 

4  »353 

65 

64-7 

2.0093 

300 

139 

4.3165 

66 

65.2 

2.0245 

350 

150 

4-6667 

5' 

65.7 

2.0396 

400 

t6o 

S.ocxxi 

68 

66.3 

2.0544 

450 

170 

5.2941 

69 

66.7 

3.0690 

500 

179 

5.5866 

70 

67.1 

3.0864 

550 

188 

5-8511 

71 

67.6 

3.1006 

fion 
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6.0914 

7a 

68.1 

2.1145 

700 

212 

t..6o38 

73 

68.5 

2.1313 

fton 

227 

7.0485 

74 

69. 

3.1449 

900 

241 

7.4689 

75 

69.5 

2.1583 

1000 

254 

7.8740 

76 

69.9 

a. 1745 

• 
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FLOW  OF   WATER   TUMOLGU   OIUFICES. 

200.  3[otioii  of  the  ludividiial  Particles.— If  an 

ap<?rtiire  is  made  in  the  bottom  or  side  of  a  tank,  filled  with 
water,  the  particles  of  water  will  move  from  all  portions  of 
the  body  toward  the  opening,  and  each  particle  flowing  ont 
will  arrive  at  the  aperture  with  a  velocity,  V,  dependent 
n]X)n  the  pressure  or  head  of  water  ujion  it,  and,  as  we  shall 
888  hereafter,  upon  its  initial  position. 

201.  Tlioorotical  Volume  of  Efflux. — If  we  assume 
the  fluid  veins  to  pass  out  tlirough  the  orifice  parallel  with 
each  other,  and  with  a  velocity  due  to  the  head  upon  each, 
and  the  section  of  the  jet  to  be  equal  to  the  area,  8,  of  the 
orifice,  then  the  theoretical  volume,  or  quantity,  Q^  of  dis- 
charge will  equal  Sx  V=  S  V^ffll;  II bt:*ing  the  head  \i\yoj\ 
the  centre  of  the  orifice,  and  g  the  acceleration  of  gravity 
per  second  =  32.2  feet.  We  have  then  for  the  theoretical 
volume 

Q  =  8  V2^. 

202.  Converging^  Path  of  Particles.— The  particles 
are  obseiTed  to  approach  the  orifice,  not  in  parallel  veins, 
but  by  curved  converging  paths,  and  if  the  partition  is 
•*^A/«,"  the  convei^nce  is  continued  slightly  beyond  the 
partition,  a  distance  dependent  upon  the  velocity  of  the 
particles. 

203.  ClasROH  of  Orificefi.— If  the  top  of  the  orifice  is 
beneath  the  surface  of  the  water,  the  orifice  is  termed  a  sub- 
merged orifice,  and  if  the  surface  of  the  water  is  below  the 
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top  of  the  orifice,  the  notch  is  termed  a  '^  weiW*    We  are 
BOW  to  consider  mtbTtwrged  orifices. 

204.  Fonii  of  Hubinergetl  Orlftce-Jot.— In  Pig.  20 

\A  shuwu  a  submerged  cii-cular  orifice  in  tbiu  partition. 


Fio.  %\. 


Iq  Fig.  21  are  delineated  more  clearly  the  proi)ortions 
of  the  issuing  jet  at  the  contracted  vein,  or  vend  contractd, 
as  it  wa«  termed  by  Newton.  The  form  of  the  contracted 
Tein  has  been  the  subject  of  numerous  measurements,  and 
as  the  result  of  late  ejq^eriments  writers  now  usually  assign 
to  the  three  dimensions  FK,  fh^  and  LU  the  ratios  1.00, 
0.7854,  0.498,  as  mean  proportions  of  circular  jets  not  ex- 
ceeding one-half  foot  diameter. 

205.  Ratio  of  Miiiiniuin  Section  of  Jet,— Tlie  par- 
ticles of  the  jet  tliat  arrive  at  the  centre  of  the  orifice  have  a 
direction  i)arallel  with  the  axis  of  the  orilice.  The  particles 
that  arrive  near  the  perimeter  have  converging  directions, 
and  eince  they  have  individually  both  weight  and  velocity, 
they  have  also  individual  force  or  momentum  in  their  direc- 
tions. This  force  must  \w  deflected  into  a  new  dircH^tion, 
and  aa  it  can  be  most  ea.sily  deflected  through  a  cuived 
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jttith,  the  curve  is  continued  until  the  particles  have  pai 
lelisin.  The  x»oint  where  the  direction  of  the  particles  is 
parallel  is  at  a  distance  from  tlie  inside  of  a  small  squan^- 
edged  orifice,  equal  to  about  one-half  the  diameter  of  the 
oriUce,  and  the  diameter  of  the  jet  at  that  point  is  equal 
to  about  0,7854  of  the  diameter  of  the  orifice.  The  cross- 
section  of  a  circular  jet  at  the  same  point  has  therefore  a 
mean  mtio  to  the  area  of  the  oriiice  as  (0.7854)^  to  (1.00>% 
or  as  0.617  to  1.00. 

206.  Volume  of  Efflux,— If  the  velocity  due  to  the 
liejid  upon  the  center  of  tlie  orifice  is  the  mean  velocity  of 
all  the  particles  of  the  jet,  then  we  have  for  the  volume  of 
discharge^ 

Q  =  0.6175  X  F,  or  Q  =  0.01751^2^  (2> 

The  real  volume,  Q,  of  the  jet,  and  its  ratios  of  veloci^ 
and  of  contraction,  have  been  the  subjects  of  many  obser- 
vations, and  have  engaged  the  attention  of  the  ablest  ex- 
I>erimentalistH  and  hydraulicians,  from  time  to  time,  during 
many  years, 

307.  Coellit'ii*iit  of  Efflux.  —  In  every  jet  flowing- 
through  a  thin  orifice  there  is  a  reduction  of  the  diameter 
of  tlie  jet  immediately  after  it  passes  the  orifice.  Some 
fractional  value  of  the  area  aSs  or  the  velocity  F,  or  the 
the  theoretical  volume  Q,  must  therefore  be  taken — that  is, 
they  must  be  multiplied  by  some  fraction  coefficient  to  com- 
pensate for  the  reduction  of  the  theoretical  volume  of  the 
jet.  This  fractional  coefficient  is  termed  the  coefficitni  of 
dischnrge.  Place  the  symbol  c  to  represent  this  coefficient, 
and  the  formula  for  volume  of  discharge  becomes 

Q=cS%^2gFL  (8) 

308.  Maximum  Velocity  of  the  Jet— The  point 
where  the  mean  velocity  of  the  jiarticlea  is  greatest  is  in  the 
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least  section  of  the  jet,  and  here  only  can  it  approximate  to 
\'2gll.  The  mean  velocity  will  be  less  at  the  entrance  to 
tlie  orifice,  and  also  after  i>assing  the  contraction,  than  in 
the  contraction.  When  speaking  of  the  velocity  of  the  par- 
ticles or  of  the  jet  hereafter,  in  connection  with  orifices,  the 
maximum  velocitj' — that  is,  the  velocity  in  tlie  contraction 
—is  referred  to,  unless  otherwise  s|>ecian y  stated. 

*iO0.  Factors  of  the  Coefficient  of  Efflux.— If  the 
edges  of  the  orifice  are  square,  the  circumferential  particles 
of  the  jet  receive  some  reaction  from  them  ;  therefore  only 
the  axial  particles  can  have  a  velocity  equal  to  V^gH,  and 
the  vie.an  velocity  is  a  small  fraction  less. 

In  such  case  the  general  coefficient  of  discharge  (c)  will 
be  the  product  of  two  factors,  one  representing  the  reduc- 
tioD  of  velocity,  and  the  other  the  reduction  of  the  sectional 
area  of  the  jet. 

We  shall  have  occasion  to  investigate  tliese  factors  after 
we  have  determined  the  value  of  the  general  coefllcient. 

210.  Practical  U«e  of  a  Coefficient.— Tlie  usefulness 
of  a  (coefficient,  when  it  is  to  be  applied  to  new  computa- 
tions, depends  npon  its  accord  with  practical  results. 

All  new  and  successful  liydraulic  constructions  of  orig- 
inal design  must  have  their  proportions  based  npon  com- 
pntations  previously  made.     Those  computations  must  be 
fomided  upon  hydrodj'namic  formulae  in  which  the  co- 
efficient performs  a   most  important  office'.      In   fact  the 
skillful  application  of  formulae  to  liydraulic  designs  de- 
pends ujxm  the  skillful  adaptation  of  the  one  or  more  co- 
efficients therein. 

The  coefficient  product  adopted  must  harmonize  with 
results  before  obtained,  practically  or  experimontally,  and 
tlie  parallelism  of  all  the  conditions  of  the  old  or  exp<'ri- 
meiital  structure  and  the  new  design  cannot  be  too  closely 
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acrntinized  when  an  experimental  result  is  to  control  a  new 
design  for  practical  execution. 

311.  Experimental  Coefiicient8. — A  few  ex])erimental 
results  are  here  submitted  as  worthy  of  careful  study. 

From  Michelotti.  —  The  following  table  of  exi)eri- 
ments  with  square  and  circular  orifices,  by  Michelotti,  we 
find  quoted  by  Neville.*  They  refer  to  a  very  carefully 
made  set  of  experiments,  with  an  extensive  apparatus 
8|iecially  prepared,  near  Turin,  where  the  apparatus  was 
supplied  with  the  waters  of  the  Boire  by  a  canal. 

The  table  is  given  by  Neville  in  French  measures,  but 
they  are  given  here  as  we  have  reduced  them  to  English 
measures. 

TABLE     No.     41. 
Coefficients  from  Michelotti's  Experiments. 


iish    , 


DnciurnDN,  axo  Stzs  or  OiuncE, 

IM    FRMT. 


Square    orifice.   3.197"  x  3.197" 
=  .071  square  foot  section. . .. 


Square orifice,a.i3l56"  x  2.13156" 
=  .0315  square  foot  section  . . 

Sq.    orifice.    1.06578"  x  1.06578" 
=  .oo7g  square  foot  section. . 

Circular  orifice,  3.197"  diameter 
=  .05577  square  foot  section.. 

Circular  orifice,  a.13156"  diam. 
=  0.4477  square  foot  section.. 

Circular  orifice,  1,06578"  diam. 
=:  .0062  square  foot  section.. . 

Circular  orifice.  6.378"  diameter. 


Depth  upon 
the  c«nier  of 

the  orifice 
in  feet. 


7.05 

7.30 
".43 
13-59 
23.13 

23  14 

7.06 

13.17 

33.86 

7.30 
12.59 

33.  go 

7.«3 

13.31 

23.03 

7.23 

11.71 

(  23.44 

\     7-33 

12.51 

23.45 

6.q3 

I3.0I 


Quuitity    I     Time  of 

duchftTRea  in  discbarvc  In 


ibicTe 


i-ubic  Tcet. 


561.240 

685.76a 
625.652 

74>-036 
503.931 
604.362 
399.266 
513.650 
466.500 
191.940 
198.300 
681.500 
657.130 
691.200 
631.090 
591.610 
713.700 
696.700 
299.449 

393.370 
538.158 


600 

720 
510 
600 
300 
360 
900 
900 
600 
i&oo 

1440 

3600 

900 

730 

480 
1800 
16B0 

1200 
3600 
3600 

3600 


Result]  nf 
coefficients 
of  di^L'tiarge. 


.6x9 
.619 
.610 
.611 
.613 
.613 
.660 
.645 
.643 
.638 
.613 
.635 
.611 
.6to 
.6t2 
.6i6 
.605 
.605 
.619 
.620 
.631 

.619 
.619 


•  Hydraulic  Table«,  by  John  XcrlUc.  C.E. ;  M.R.Uu,  London,  1868. 
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Prom  Abbe  Bojwut.— Prom  experiments  made  by  tlie 
Abbe  Boeeat  we  Lare  the  following  results,  wa  reduced  to 
li^^Ui  measoree : 


TABLE     No.     42. 
CoEFFiciEirrs  moM  Bosstrr's  Experiuents. 


IktrtkoTlfe* 

DiKkAnr«. 

OaavnoK.  f^giipw.  <*■  9am  or  OnncB. 

tbc  orifice. 

hi  cable 
fiertpcT 

cocftcfaw. 

infe«L 

mlnut*. 

Laenltad  draSv.  .53189^  diameter 

9-59 

x.og6 

.6t3 

"      IJ06578"        -       

959 

4-344 

.617 

-        -          -        .53a«9'        -        

4.«73 

7*3 

.616 

•■        -          -       1.06578'        "        

4.a73 

I.95» 

.619 

-       1.06578"        "        

-0539 

•34t 

.649 

HtiruoDtil  and  ctrculax.  -SS^Sg"  diameter 

13.54 

1.355 

.614 

"       1^)6578'        "        .    ... 

12.54 

5040 

.617 

XI3I56'         "        

IS.S4 

aaxii 

.618 

Horiiontal  and  square.  1.0657S''  x  1.06578". ,.. 

".54 

6.417 

.617 

2  13156'v  1.13156" 

12.54 

a57»7 

.618 

UonioBtal  and  rectangular.  1.06579"  x  .36644"* 

xa.54 

^593 

.613 

From  Rennioi — We  have  also,  from  ex^periments  of 
Rennie  with  circular  and  square  orifices,  under  low  heads, 
the  following : 

TABLE     No.    43. 
COErFICIENTS   FOR   CrRCULAR   ORIFICES. 


„  ,     Heads  at  ibe  ccntn 
y^        itftbrohfio*, 

ilacb 
daioeter. 

liDCfc 

dUmeter. 

dtaiuter. 

■  iQcb 
dkmcteff. 

1 
MouValoM. 

1 

.671 
.653 
.660 
.66a 

.634 

.6a  I 
.636 
.626 

644 
.65a 
.63a 
.614 

.619 
.63PI 

-584 

645 

.636 

.639 

i         .621 

1 

Meuu. ........ 

.661 

i&29 

.635 

.616 

.635 

200 


FLOW    OF    WATER   TUBODOU   ORIFICES. 


CosmciENTS  FOR  Rectangvuui  Orificbs. 


Heads  at  tbe 

centre  of  gravity, 

tn  lecL 

1  locfaxilnch. 

»  inches  wide 
u  t  loch  higli. 

li  inchea  vridc 
» 1  loch  high. 

EquU»tcraI 

uiaoff  le  of 

1  square  iocb, 

baiwdowD. 

i 

iSune  triaoKk, 
with  baae  up. 

I 

■    i 

.617 
.635 
.606 

•593 

.617 

■635 
.606 

-593 

^668 
606 
^593 

.593 

.596 

.577 
.57* 
•593 

Means. 

.613 

.6X3 

.&3a 

.593 

-S85 

From  CasteL— In  1836,  M.  Castel,  the  accomplislied 
hydraulic  engineer  of  the  city  of  Toulouse,  made  with  care 
certain  experiments  by  request  of  D' Aubuisson,  to  determine 
the  volume  of  water  discharged  through  apertures  in  thin 
partitions. 

He  placed  a  dam  of  thin  copper  plate  in  a  sluice  wliicli 
was  2.428  feet  broad,  and  in  the  plate  opened  three  rectan- 
gular apertures,  each  3.04  inches  wide  and  2.36  inches  liigh. 
The  distance  between  the  orifices  was  3.15  inches.  The 
flow  took  place  under  constant  lieads  of  4.213  inches  above 
the  centres  of  .gravity  of  the  orifices,  with  contractions  as 
follows : 

{  Coefficient  for  the  middle 6igS 
"             "       right .619a 
left .6194 

I  Coefficient  for  the  two  outsidcs 6305 

Two  orifices  open,  i  "  *•       middle  and  right 6105 

(  left 6ao7 

Three  orifices  open,  coefficient  for  all 6230 

Subsequently,  he  experimented  with  two  orifices,  1.&7 
inches  wide  and  1.18  inches  liigh,  with  results  as  follows : 


Had. 


3379 
6.693 


CocAcfent 


.63a 

.619 

.631 
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When  more  than  one  aperture  was  o})en  in  these  exper- 
iments of  Cartel,  the  volume  of  vraier  discharged  induced 
ooosidecable  velocity  in  each  of  the  supplying  sluices. 
This  actually  increased  the  ^ective  head.  Its  effect  is  here 
recorded  in  the  coefficient  instead  of  in  the  head,  conse- 
quently an  increased  coefficient  is  given. 

In  such  cases  the  real  head  is  the  observed  head  in- 
creased by  the  head  due  to  the  velocity  of  approach  = 


ir+ 


64.4 


From  LespiiiAsse. — Prom  among  experiments  on  a 
larger  scale,  the  following  by  Lespiuasse,  with  a  sluice  of 
the  canal  of  LanguedtK*,  are  of  interest : 


TAB  LE     No.    44. 
Coefficients  Obtained  bv  Lespinasse. 


Oraxwc*. 

Head  on  thk 
Cbktkk. 

DiscMAM>«  m 
One  Sbcomd. 

COEPFICIUfT. 

BradUu 

Heiglit. 

Arm. 

4.265 
«« 

u 

M 
1* 

1. 60s 
1.640 
1.640 

1.509 
1.575 
1-575 
1-575 
1-575 

S9,/eH. 

7745 
6.992 
6.992 
6466 
6.723 
6.723 
6.723 
6.717 

Fett. 

'+554 
6.631 

6247 
12.878 
13.586 

6394 
6.217 
6.480 

Cuhe/Mt. 

145.292 

92635 

88.221 

138.937 
128.764 
83.948 

79.S57 
85.219 

.613 
.641 

.629 

.641 
.647 
.616 

.594 
.621 

From  Gen.  Ellis,— Gen.  Tlieo.  G.  EUis  has  reported 
in  a  paper*  presented  to  the  American  Society  of  Ui^il 
Engineers,  the  results  of  some  experiments  very  carefully 
conducted  by  him  at  the  Holyoke  testing  flume  in  the  sum- 
mer of  1874. 

*  Hj^dniUic  Experimentfl  with  Large  Apertures.    Jour.  Am,  800.  Civ.  Kng., 
ISTC,  Vol  V,  p.  19. 
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The  coefficients  for  tlie  minimum,  mean,  and  maximuns* 
velocities  are  given  to  indicate  generally  the  range,  and  the 
i-esiilts  obtained  by  Gen.  Ellis. 

The  volume  of  water  dischai^ed  was  determined  by 
weir  measurement,  and  computed  by  Mr.  James  B.  Fran- 
cis' formula. 

The  edges  of  tlie  orifices  were  plated  with  iron  about 
one-half  inch  thick,  jointed  square. 


Vertical  Aperture,  2  ft  x  2  ft 

Minimum  head,  a  061  feet.      Coefficient,   .&087Z  ^  Centre  of  aperture,  1.90  feet 
Mean  "        3.037     *'  "  .5967G  >  above  top  of  weir. 

Maximum     "        3.538    "  "  .60325  )  Temp,  of  water,  73"  Fab. 

Vertical  Aperture,  2  ft  horizontal  x  1  ft.  vertical. 

Minimum  head,   1.79G3  feet.    Coefficient,   .59748  ^  Centre  of  aperture,  240(001 
Mean  '*        5.7000    "  '*  -59672  J-  above  top  of  weir. 

Maximum    "      11.3150    "  "  .60572  )  Temp,  of  water,  76"  Fah. 

Vertical  Aperture,  2  feet  horizontal  x  .5  feet  vertical. 

Minimum  head,    1.4230  feet.    Coefficient*   .61165  )  Centre  of  aperture,  2  15  feet 
Mean  "       8.5395     "  "  .60686  >  above  lop  of  weir. 

Maximum    "      16.9657    "  "  .60003  )  Temp,  of  water.  76*  Fah. 

Vertical  Aperture,  1  f t  x  i  f t 

Minimum  bead,   14796  feet.     Coefficient,  .58330 
Mean  "        9.8038     "  "  .59613    • 

Maximum     "      17.5647    "  "  -59687 

Horizontal  Aperture,  i  ft  x  i  ft.  and  Slightly  Submerged 

Issue. 

Minimum  head,   3.3334  feet.    Coefficient, 
Mean  *'        8.0926    •*  " 

Maximum     "       184746     **  ** 


Top  surface  of  orifice  441 
feet  above  crest  of  weir. 


Horizontal  Aperture '(in  plank)  with  Curved  Entrance  and 

Slightly  Submerged  Issue. 

Minimum  head,    3.0416  feet.    Coefficient,  .95118  )  ,  ,        , 

r  Issue  about  level  with  cresi 

of  weir. 


Mean 
Maximum 


10.5398 

18.3180 


.94246  , 
•94364  ) 


COEFnClENTS    DIAGRAMMED. 

The  range,  and  results  generally,  of  Oen.  Ellis'  uxpe ri- 
raenttj  with  circular  vertical  oritices,.  are  indicated  by  the 
follovdug  estracte  &om  ids  extended  tables: 

TABLE     No.     45. 
COEFFICIEXTS   FOR   CIRCULAR  ORIFICES,   OBTAINED   BY  GEN.    ElLIS.' 


DiAUima. 

UCAO. 

COOTKIBHTS. 

2  feet. 

11        (4 
It        (1 

1.7677  feet 
5.8269    - 
9.6381     " 

.58829 
.60915 
.6X530 

1  foot 
(t     11 

1. 1 470  feet 
10.8819    " 

•57373 
-59431 

U        11 

17.7400    » 

•59994 

.5  foot 

2.1516  feet 
9.0600    " 

.60025 
.60191 

U        it 

17.2650    " 

.59626 

* 

213.  Coeffieientft  Diagram  mod. — Tlie  coefficients,  oa] 
developed  by  the  several  experimenters,  seem  at  first  glan< 
to  be  very  fitful,  and  without  doubt  the  api>ai*atu8  used' 
varied  in  character  as  much  as  the  results  obtained 

To  arrange  all  the  series  of  coefficit^nts  that  api>eared  to' 
have  been  obtained  by  a  reliable  method,  in  a  systematic 
manner,  we  have  plotted  all  to  a  scale,  taking  tlie  heads 
for  abscisses  and  the  coefficients  for  ordinates.  The  curves 
thus  developed  were  brou^lit  into  their  propter  n-lutions, 
side  by  side,  or  int(»rlacing  each  other. 

Then  we  were  able  to  plot  in  the  midst  of  those  curves 
the  general  curves  due  to  each  class  of  orifice  under  the 
several  heads,  and  those  apparently  due  to  the  law  govern- 
ing the  flow  of  water  through  submerged  orifices. 

Prom  these  curves  we  have  prepared  tables  of  coefficients 
for  varions  rectangular  orifices,  with  greatest  dimension, 
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both  horizontal  and  vertical,  with  ratios  of  sides  varying 
from  0.125  to  1,  to  4  to  1,  and  for  heads  varying  from 
0.2  feet  to  50  feet. 

All  of  the  curves  increase  from  that  for  very  low  heads 
rapidly  as  tlie  head  increases,  until  a  maxima  is  rt*ached, 
and  then  decnmse  gniduuliy  until  a  minima  is  reached, 
and  then  again  increase  very  gradually,  the  head  in- 
creasing all  the  time.  This  increase,  and  decrease,  and 
increase  again  of  the  coefficients,  ai-ranges  them,  when  thus 
j>lott*»d,  into  two  curves  of  opposite  flexure,  and  with  all 
the  curves  tending  to  pass  through  one  intermediate  point. 

2Vi,  Elt'ect  of  Vai^iiigr  tho  Head,  or  tho  Propor- 
tioim  of  tlie  Orifice.— The  effect  of  increasing  or  decreas- 
ing the  head  upon  a  given  orifice  is  clearly  shown  by  the 
several  columns  of  coefficients  in  Tables  46  and  47. 

Tlie  efTrct  of  increasing  or  decreasing  the  ratio  of  the 
base  to  the  altitude  of  an  orifice  will  be  manifest  by  tracing 
the  lines  of  coefficients  horizontally  through  the  two  tables, 
for  any  given  head. 

These  effects  should  bf.*  duly  considered  when  a  coef- 
ficient is  to  be  selected  from  the  table  for  a  special  appli- 
cation. 

The  coefficients  apply  strictly  to  orifices  with  sharp, 
square  edges,  and  with  full  contraction  upon  all  sides.  The 
heads  refer  to  the  full  head  of  the  water  surface,  and  not  to 
the  depressed  surface  over  or  just  in  front  of  an  orifice  when 
the  head  is  small. 

A  very  slight  r(iunding  of  the  edge  would  increase  the 
coefficient  materially,  as  would  the  suppression  of  the  con- 
traction up<m  a  portion  of  its  border  by  interference  with 
the  curve  of  approacli  of  the  particles. 


I 
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TABLE     No.    40. 

Coefficients  for  Rectangular  Orifices. 

In  thin  vertical  partition,  with  greatest  dimension  vertical. 


Brsaoth 

AKD  Hbight  or  OuncB. 

HMdvpon 

centre  of  orifice. 

tfe%S;. 

•  feetUrii, 
sf6ot«& 

tifeethiffh, 
1  foot  wide. 

X  foot  high, 
I  foot  wfde. 

FtH. 

Oc^lriM^. 

Co^fficUni. 

CMjgUUnt, 

Co€£Ut*ni. 

JS 

>  •  ■  • 

.... 

.5984 

•7 

■  >  >  > 

•5994 

.8 

•  .  . 

■  > .  . 

.6130 

.6000 

•9 

.... 

.6134 

.6006 

I 

.... 

.6135 

.6010 

1-25 

•  ■  *  • 

.6188 

.6140 

.6018 

1.50 

.  .  .  . 

.6187 

.6144 

.6026 

1-75 

.6186 

.6x45 

•6033 

2 

>  >  . 

.6183 

.6144 

.6036 

».25 

•  ■  •  > 

.6180 

.6143 

.6039 

2-5 

.6390 

.6176 

.6139 

.6043 

2-75 

.6380 

.6173 

.6136 

.6046 

3 

,6273 

.6x70 

.6132 

.6048 

3.5 

.6250 

.6160 

.6123 

.6050" 

4 

.6245 

.6150 

.6110 

.6047 

4-5 

.6226 

.6138 

.6100 

.6044 

5 

.6208 

.6124 

.6088 

.6038 

6 

.6x58 

.6094 

.6063 

.6020 

7 

.6x34 

.6064 

.6038 

.6011 

8 

.6090 

.6036 

.6022 

.6010 

9 

.6060 

.6020 

.6014 

.6010 

10 

.6035 

.6015 

,6010 

.6010 

'5 

.6040 

.6018 

.60x0 

.60x1 

30 

.6045 

.6024 

.6012 

.6012 

25 

.6048 

.6028 

.6014 

.6012 

30 

.6054 

.6034 

.6017 

.6013 

35 

.6060 

.6039 

.6021 

.6014 

40 

.6066 

u5o45 

.6025 

.6015 

45 

.6054 

,6052 

.6029 

.6016 

50 

.6086 

.6060 

.6034 

.6018 

20d                 FLOW    OF    WATER    TUBOCUU    0HLF1C£&          ^^^| 

TABLE     No.     47. 

^1 

Coefficients  for  Rectangular  Orifices.            ^H 

In  thin  vertical  partition,  with  greatest  dimension  horizontaJ,        ^ 

BnAom  AMD  Hkciit  or  Oupics. 

Head  upon 

0.75  feet  hijfh. 
sloDtwids. 

0.50  feet  high, 

o.?3  feel  high. 
1  CxK  wide 

1 
0.1a;  reethlfli. 
1  Juot  iwide. 

centre  of  orifice. 

a  foot  wide. 

Fttt. 

CnfiHtiu, 

CHficUfU. 

CaeJUitmt, 

CH0Mrml, 

as 

.... 

.  4 .  • 

.... 

.6333 

.3 

.... 

.... 

.6293 

-6334 

•4 

•  • .  • 

.6140 

.6306 

•6334* 

'5 

,6050 

.6150 

-6313 

•6333 

.6 

.6063 

.6156 

.63 » 7 

'^Z^^ 

^^^^ 

.6074 

.6162 

.6319 

.6328 

^^^B 

.6082 

.6165 

.6322 

.63^6 

^^^H 

.6086 

.6168 

.6323* 

.6334 

^^^^^H 

.6090 

.6172 

.6320 

.6320 

^^^H 

.6095 

.6173* 

-6317 

.6312 

^^^H 

.6100 

.6172 

■63"  3 

•6303 

^^^B 

.6105 

.6168 

.6307 

.6296 

^^^^B 

.6104* 

.6166 

.6302 

.6291 

^^^m 

,6105 

.6163 

.6293 

.6286 

^^^B 

.6102 

.6157 

.6282 

.6278 

^^^H 

.6101 

•6155 

.6274 

-6273 

^^^H 

,6100 

•6»53 

.6267 

.6267 

^^^H        3-50 

.6094 

.6146 

.6254 

.6254 

^^^H 

.6085 

.6136 

.6236 

^236 

^^^H       4-50 

.6074 

.6125 

.6222 

r6222 

^^^l 

.6063 

.6114 

.6202 

.6202 

^^^H 

,6044 

.6087 

.6154 

.6154 

^^^m 

.6032 

.6058 

.61 10 

.6114 

^^^H 

.6022 

.6033 

.6073 

.6087 

^^^H 

.6015 

.6020 

,6045 

.6070         j 

^^^^B 

.6010 

.6010 

.6030 

.6060 

^^^H 

.6012 

.6013 

^(>oi^ 

,6066 

^^^^H 

.6014 

.6018 

.6036 

.6074 

^^^B 

.60x6 

.ft02  2 

.6040 

.6083 

^^^1 

.60x8 

.6027 

.6044 

.6091 

^^^H 

.6022 

.6032 

.6049 

.6TO3 

^^^H 

.6026 

.6037 

.6055 

.61X4        * 

^^^B 

.6030 

.6043 

.6062 

.6125 

^^r^ 

-6035 

.6050 

.6070 

.6140 

1 

- 
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214«  Peculiarities  of  EfHux  fVoiii   an  Oriflce.— 

In  Fig.  22,  containing  a  horizontal  oritice,  the  horizontal 
line  cutting  a  has  an  altitude  above  the  orifice  eqiml  to  3.5 
diamettTS,  and  the  horizontal  line  cutting  e  equal  to  10 
diameters  of  the  orifice.     As  the  altitude  of  the  water  sur- 


Fio.  22. 


w^-&^^' 


\\  \\\ 


w 

V  \ 


/ 


fi*OB  above  a  square  orifice  increases  from  very  low  heads  to 
the  level  a,  the  particles  continually  find  new  advantage  or 
*^  hindrance  in  their  tendency  to  flow  out  of  the  orifice, 
possibly  by  decrease  of  the  vortex  eflTect  accompanying 
^crj  low  heads  over  orifices  nearly  square ;  aftt^wards  tbe 
"^lauce  increases  up  to  the  altitude  e,  possibly  by  more 
**ffectivo  reaction  from  the  inner  edges  of  the  orifice,  i*, 
untn  gravity  is  enabled  to  gather  the  jet  well  into  a  body 
'^^  establish  firmly  \\a  path.  For  altitudes  gn*ater  than 
**^'i  diameters  tlie  coefficients  for  scpiare  orifices  remain 
«^arly  constant. 
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Similar  effecta  are  observed  when  the  orifices  are  rectan- 
gles, other  tliau  squares,  though  their  first  change  occurs  at 
diffeiviit  depths. 

Tliese  phenomena  are  not  fully  accounted  for  "by  ex- 
periment. 

215.  Mean  Velocity  of  the  Issuing  Particles.— 
We  have  hei-etofore  assumed  in  our  theoretic  equations, 
that  all  the  particles  of  water  bcdef{U  Fig.  22,  wiU  arrive 
at  the  point  of  greatest  contraction  of  the  issuing  jet,  uith  a 
velocity  equal  to  that  which  a  solid  body  would  have  ac- 
quired by  falling  freely  from  e  to  <?,  which,  acconling  to  the 
the  theorem  of  Toricelli,  and  its  demonstrations  frequently 
repeated  by  other  eminent  philosophers,  would  be  equal  to 
V^yll.    i/ being  equal  to  the  height  eo. 

The  experiments  of  Mariotte,  Bossut,  Michclotti,  Ponce- 
let  PousseCe,  and  others,  covering  a  large  range  of  areas  of 
orifice,  and  of  head,  show  that  this  is  very  nearly  correct ; 
and  the  velocity  of  issue  of  the  axial  fiarticles  has  in  some 
of  the  experiments  appeared  to  slightly  exceed  the  value  of 
V2gH,  An  average  of  exi^eriraents  gives  the  Tnean  velocity 
of  the  particles  as  a  whole  through  the  minimum  section  as 
.974  V2^7 

Their  dynamic  effect  if  applied  to  work  should  have 
,974  V2gH  instead  of  V2*jB  as  the  factor  of  velocity. 

316,  CoefficientH  of  Velocity  and  Contniction.— 
We  have  then,  .974  for  mean  coefficient  of  celoctti/^  indi- 
cating a  loss  of  .026  per  cent  of  theoretic  volume  or  dis- 
charge by  reduction  of  velocity  ;  .637  for  mean  coefficient 
of  contraction^  indicating  a  loss  of  36.3  per  cent,  of  theoretic 
volume  by  contraction ;  and  .62  nearly  for  mean  coefficient  of 
discharge^  including  all  losses,  a  total  of  about  38  per  cent. 
The  coefficient  of  velocity  we  will  designate  by  c^  and 
the  coefficient  of  contraction  by  c,. 
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Then  c,  x  c,  =  c  =  coefficient  of  discharge  or  volume. 
217.  Velocitj'  of  Particles  Depeudeut  upon  iln*\r 
Augrular  Position. — BajiT  assumed  the  hypotht'sis  that, 
the  veh^ities  of  the  particles  approaching  the  oritice  from 
all  sides  are  inversely  as  the  squares  of  their  distances  from 
centre,  but  this  should  undoubtedly  be  applied  only  to 
particles  in  some  given  angular  position. 

Gravity  will  not  act  with  equal  force  in  the  direction  of 

the  oritice,  upon  each  of  the  i>articles  e,/,  g,  and  A,  Fig.  22, 

though  they  are  all  e<|ually  distant  from  o,  but  more  nearly 

in  the  ratios  of  the  cosines  of  the  angles  eoe^  eof^  eog^  etc., 

and  it  is  not  iirobahie  tliat  the  particle  It  will  acquire  a 

velocity  at  its  maximum  through  the  contraction,  quite 

equal  to  that  which  e  will  acquire.    K  the  velocity  of  ^  is 

assumed  equal  to  unity,  and  the  mean  velocity  of  all  the 

particles  equal  to  .974,  then,  according  to  the  hypothesis  of 

the  angular  distance,  the  mean  velocity  will  be  that  due  to 

particles  having  their  a^sines  equal  to  .974,  or  an  angular 

distance  of  13",  as  at  h  and/. 

218.  Rqiuition  of  Volume  of  Efflux  fk-om  a  Sub- 
merged Orifice. — Neville  suggests  a  formula*  for  the 
discharge  of  water  from  rectaiigular  orilices,  more  theoreti- 
cally exact  than  the  above  simple  formulas,  as  follows  : 

when    D  =  volume  of  discharge, 
A  =  area  of  orifice, 

h  =  head  upon  the  centre  of  the  orifice, 
d  =  depth  of  the  orifice,  or  distance  between  its 

bottom  and  top, 
c  =  coefficient  of  discharge. 


*  Thiid  Edltioa  of  Hjdrnulic  Tables,  pi^  48.    London,  1875.    Alflo  wU 
equation  8,  page  283.  onto. 
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This  formula  can  be  advantageously  applied  when  the 
orifice  is  large  and  but  slightly  submerged,  as  is  frequently 
the  case  with  sluice  gates  controlling  the  flow  of  water  from 
storage  reservoirs  or  canals  into  flumes  leading  to  water- 
wheels,  or  with  head-gates  of  races  or  canals. 

GK)od  judgment  must,  however,  be  exercised  in  each  case 
in  the  selection  of  t\w  coefficient  of  velocity  (c.)  and  the  co- 
efficient of  contraction  (r,),  the  factors  of  r,  especially  the 
coefficient  of  contraction  (§  316),  which  is  usually  much  the 
most  influential  of  the  two.  (Vide  §370,  p.  360.) 

219.  Effect  of  Outline  of  SymmetHcal  Orifices 
apou  Efflux. — According  to  the  various  series  of  exi>eri- 
ments,  the  coefficient  for  a  circular  oriflce  under  any  given 
head  is  substantially  the  same  as  for  a  square  orifice  under 
the  same  head,  and  it  is  probable  that  the  coefficients  for 
elliptical  orifices  is  substautially  the  same  as  that  for  their 
circumscribing  rectangles. 

'2'20.  Variable  Value  of  CoeflScieuts.— The  coeffi- 
cients obtained  by  can^ful  experiment  and  recorded  above, 
as  also  tables  of  coefficients,  indicate  unmistakably  that  the 
value  of  c  in  the  equation 


Q=c8V2gff 

is  a  variable  quantity,  and  that  a  general  m^^n  coefficient 
cannot  be  used  universally  when  close  approximate  results 
an*  desired,  but  tliat,  for  a  particular  case,  reference  should 
always  be  made  to  a  coefficient  obtained  under  conditio] 
ffliuilar  to  that  of  the  case  in  question. 

231.  AHsunied  Mean  Volume  of  Efflux. — In  ordi- 
nary approximate  calculations,  and  in  general  discussions 
of  formulas  for  square  and  circular  orifices,  whether  the  jet 
issues  horizontally  or  vertically,  it  is  customary  to  assume 
0.62  as  the  ratio  of  the  actual  to  the  theoretical  volume  of 
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This  makes  the  equation  for  ordinary  calcu- 
Q  =  MSV2gH,  ot  Q  =  ,Q2SV.  (6) 


The  expression  for  effect  of  acceleration  of  gravity  (2^) 
being  a  constant  quantity,  may  be  combined  with  tlie  co- 
efficient, when  (.62  ^^  =  4.9726)  we  have  the  equation 

Q  =  4  9726iSf  VHy  or  approximately,  Q  =  b.SVW.       (6) 

Q  being  the  discharge  in  cubic  feet  in  one  second,  it  will  be 
multiplied  by  60  to  determine  tlie  discharge  in  one  minute, 
and  by  3G0O  to  determine  the  discharge  in  one  hour. 

2tJ2.  Cii*cul3ir,  aud  other  Forms  of  JetH.— A  cir- 
cular aperture,  with  full  contraction,  gives  a  jet  always 
cirtMilar  in  section,  until  it  is  broken  up  into  globules  by 
the  effects  of  the  varying  velocities  of  its  molecules  and  the 
resistance  of  the  air.  Tlirongh  the  veTid  contractd  its  form 
\a  that  of  a  truncated  conoid. 

Polygonal  and  rectangular  orifices  give  jets  that  continu- 
ally change  their  sectional  forms  as  they  advance. 

Fig.  22a,  from  D'Aubuisson's  Treatise  on  Hydraulics, 
illustrates  the  transformations  of 
forms  of  a  jet  from  a  square  oriJice, 
ACEO.  The  jet  is  square  at  the 
entrance  to  the  aperture,  assumes 
the  form  hcdefgJia  a  short  distance 
in  front  of  it,  and  the  form  a'c'e'g'  a 
short  distance  further  on,  and  con- 
tinues to  assume  new  forms  until 
its  solidity  is  destroyed.  Syininetrical  orifices,  without  re- 
eutrant  angles,  give  symmetrical  jets  that  assume  symmet- 
rical, varying  sections. 

Star-8hai)ed  and  irregular  orifices,  upon  close  observa- 
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tion,  are  found  to  give  very  complex  forms  of  jets.  Their 
coefficients  of  efflux  have  not  been  fully  developed  by  ex- 
periment. 

35J3-  CylindriCiil  and  Divergent  Orifices.— In  Fig. 
23  and  Fig.  24  showing  cylimirical  and  divergent  oiiticea, 
if  the  diameters,  is,  of  the  orifices,  are  greater  than  the 


Fro.  28. 


E. 


I 


Fio.  34 

M 


Fig.  25. 


Fig-  26. 
*  - 

i 


thickness  of  the  partitions,  the  coefficients  of  dischai^  will 
remain  the  same  as  in  thin  plate.  In  such  cases  the  jets 
will  pass  through  the  orifices  without  touching  them,  ex- 
cept at  the  edges,  is.     Sucli  orifices  are  also  termed  thin. 

324.  Convensrlng:  Orifices.— In  Fig.  25  and  Fig.  26, 
showing  converging  orifices  in  thin  partitions,  if  the  diam- 
eters, is^  are  taken,  the  coefficients  will  be  reduced  to  .58,  or 
a  little  less;  but  if  the  diameters,  ot^  are  taken,  the  co- 
efficients will  be  increased  nearly  to  .90»  and  will  be  greater, 
for  any  given  velocity,  in  proportion  as  the  forms  of  the 
orifices  approach  to  the  form  of  the  perfect  vend  coniractd^ 
for  that  velocity. 

When  the  converging  sides  of  the  orifice  in  Fig.  25,  pro- 
longed, include  an  angle  of  16°,  the  co<*fficient  should  be 
about  .93,  and  when  in  Fig.  26  the  sides  of  the  orifice  are  in 
the  form  of  the  oetiA  coiUractd^  the  coefficient  should  be 
about  .96. 
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225.  An  ^VJuta^o, — If  a  cylindrical  oriiici^  is  in  a  jMirti- 
tion  whose  thickness  is  equal  to  two-and-one-half  or  three 
times  tlie  diameter  of  the  oritice  ;  or  if  the  orifice  ia  a  tube 
of  length  equal  to  from  two  and  one-half  to  three  interior 
diameters,  then  the  orifice  is  termcni  a  s7iort  tubey  or  ajutage. 
The  sides  of  short  tubes  may  be  parallel,  divergent,  or  con^ 
vergent. 

220.  Iiicreafte  of  Coefficient,— There  is  an  influence 
affecting  the  flow  of  water  tiirougli  short  cylindrical  tubes, 
Pig.  28,  sufficient  to  increase  the  coefficient  materially,  that 
does  not  appear  when  the  flow  is  through  thin  j>artitiou. 
The  contraction  of  the  jet  still  occurs  as  in  the  flow  through 
thin  i)artition.  but  after  the  direction  of  t!ie  paiiicles  has 
become  parallel  in  the  tend  coniracid,  a  force  acting  from 
the  axis  of  the  jet  outward,  together  with  the  reaction  from 
the  exterior  air,  begins  to  dilate  the  section  of  the  jet  and 
to  fill  the  tube  again.  The  tube  ia  in  cousequenc-*?  again 
filled  at  a  distance,  depending  upon  the  ratio  of  the  velocity 
to  the  diameter,  of  about  two  and  one-half  diameters  from 
the  inner  edge  of  the  orifice.  The  axial  particles  of  the  jet, 
not  receiving  so  great  a  proportion  of  the  reaction  from  the 
edges  of  the  orifice  as  the  exterior  particles,  obtain  a  greater 
velocity.  A  portion  of  their  force  is  tniiiHUiittjil  to  their 
Bnrrounding  films  tlirough  divergent  lines,  and  the  velocity 
of  the  exterior  particles  within  the  tube  is  augmented,  and 
the  section  of  the  jet  is  also  augmented,  until  its  circumfer- 
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ence  toBches  the  tube.  At  the  same  time,  the  transmissioir 
of  force  fi-om  the  axis  toward  the  circumference  tends  to 
equalize  tlie  velocity  of  the  particles  throughout  the  section^ 
and  to  materially  reduce  their  mean  velocity,  and  conse* 
queutly  the  coefficient  of  velocity,  c^, 

227.  Ajutage  Vacuum  and  Mh  Effect- —  Immedi. 
ately  upon  the  issue  of  the  jet,  beyond  the  contraction,  the- 
velocity  of  the  particles  tends  to  impel  forward  the  imj)riB- 
oned  air,  and  as  soon  as  the  tube  fills  to  cause  a  vacuum* 
about  the  contraction.  Tlie  full  force  of  gravity  is  here  Hct- 
ing  tipon  the  jet  in  the  form  of  velocity ;  the  jet  is  therefoi-e 
without  ]:»re8sure  in  u  ixausverse  direction. 

As  soon  as  the  exterior  of  the  jet  is  relieved  from  the- 
pressure  of  the  atmosphere  about  the  contraction,  \\&  par- 
ticles art*  deflected  to  parallelism  with  less  force  and  in  a 
shorter  distance  from  the  entrance  to  the  aperture,  and  the 
contraction  is  consequently  lessened ;  also  the  pressure  of 
the  atmosphere  upon  the  reservoir  surface  tends  to  augment 
the  velocity  of  entry  of  the  particles  into  the  aperture 
toward  the  vacuum,  and  atmospheric  pressure  equally 
resists  the  issue  of  tlie  jet,  the  combined  effect  resulting  in 
the  expansion  of  the  jet. 

228.  Intreased  Yolunie  of  EflBux.  — If  the  cylin- 
drical tube  terminates  at  the  point  where  tlie  moving  par- 
ticles reach  the  circumference  and  fill  the  tube,  and 
before  the  reaction  from  the  rmtgkness  of  tlie  interior  of 
the  tnhe  has  begun  sensibly  to  counteract  the  accelerating 
force  of  gravity,  the  capacity  of  dischai^  is  then  fou.id  to 
be  increased  about  twenty-five  per  cent.,  and  the  meaii  co 
efficient  becomes  ,815  approximately,  or  if  the  tube  pro,ect5 


*  If  the  inaide  of  a  smootli  divergent  lube  i»  groaned,  io  as  to  repel  the  ]tf- 
tidcB  of  watrr  and  prevent  contact,  the  vacuum  c&Dnot  take  pUoe. 
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into  the  reseiroir,  .72,  instead  of  .C2,  as  in  the  orifice  in  thin 
plate.  We  have  now  for  the  volume  of  water  discharged, 
in  cubic  feet  per  second, 

Q  =  .815 S V2gS, otQ=  .815 SZotQ  =  6M3  VK      (!) 


If  the  section  of  the  tube  is  expressed  in  terms  of  the 

I  diameter,  in  feet  or  fractional  parts  of  feet,  then  since  S  = 
.7854d*,  the  equation  will  become 
leno 


Q  =  6.54  (.7854^^=)  ^11=  5.1d7d^  VH, 


(2) 


^ 


229.  Imperfect  Vaemuu,— If  the  tube  is  of  less 
length  than  above  indicated,  so  that  the  vacunm  is  not 
perfect,  the  conditions  of  flow  and  the  coefficient  will  be 
similar  to  that  through  thin  plate ;  and  if  the  tube  is  length- 
ened, the  flow  will  be  reduced  by  reaction  from  the  interior 
of  the  tube,  in  which  case  the  tube  will  be  termed  a  pipe. 


I 


iJiiO,  Dlvergfent  Tube. — When  a  ihort  divergent  tvbe, 
Pig.  29,  is  attached  by  its  smaller  base  to  the  insidr*  of  a 
plane  partition,  the  phenomena  of  discharge  will  be  similar 
to  that  through  an  orifice  in  tliin  plate,  unless  a  vacuum 
Bhall  be  established  about  its  contraction,  as  in  the  case  of 
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short  cylindrical  tubes.  This  can  only  occur  when  the 
divergence  is  slight,  or  the  velocity  great. 

For  ordinary  cases,  the  mean  coc^fficient  of  discliarge 
through  square-edged  divergent  tubes  may  be  taken  as  .62» 
but  it  is  subject  to  considerable  variation  in  tubes  of  small 
divergence,  as  the  divergences,  the  ratio  of  length  to  diam- 
eter, and  the  velocity  of  flow  or  liead  varies. 

When  a  vacuum  takes  place  in  a  divergent  tube,  the 
discharge  exceeds  that  from  a  cylindrical  tube  with  diam- 
eter equal  to  the  smaller  diameter  of  the  divergent  tube, 
and  the  coefficient  of  volume  may  then  even  become  greater 
than  unity. 

231.  Convergent  Tube. — When  a  s^ort,  convergeTii 
iuhe,  Fig.  30,  is  attached  by  its  larger  base  to  the  inside  of 
a  plane  partition,  and  its  coefficient  of  tiow  witli  a  perfect 
vacuimi  is  determined  for  its  diameter  of  entrance,  as  above 
in  tlie  oases  of  thin  plate,  cylindrical  and  divergent  tubes, 
then  the  coefficient  of  volume  will  be  found  to  decrease  as 
the  angle  of  convei^gence  increases. 

Contraction  wiU  take  place  as  in  thin  plate,  until  the 
angle  of  convergence,  that  is,  the  included  angle  between 
the  sides  produced,  exceeds  13°,  and  a  vacuum  will  also  be 
produced ;  but  the  exterior  of  the  jet  will  reach  the  inner 
circumference  and  fill  the  tube  at  a  shorter  distance  from 
the  point  of  least  contraction,  as  the  angle  increases,  and 
the  augmenting  effect  of  the  vacuum  will  be  reduced. 

232.  Additional  Contraction. — There  is  always  an 
additional  contraction  just  after  the  exit  of  the  jet  &om 
convergent  tubes. 

The  coefficient  of  discharge  will  remain  in  excess  of  the 
coefficient  for  thin  plate  until  the  second  contraction  equals 
that  in  thin  plate,  after  which  the  coefficient  will  be  less 
than  for  thin  plate. 
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233.  €oefticient»   of  Convergent   Tube.s.— In  the 

following  table  are  given  the  coefficients  of  discJiarge  for 
the  larger  and  the  smaller  diameters,  also  of  the  zelociiy^ 
for  several  angles  of  convei^nce-  The  table  is  based  upon 
careful  experiments  by  Castel.  Tlie  length  of  tlie  tube  was 
S.6  diameters,  and  the  smaUer  diameter  and  length  of  tube 
lemained  constant 


TABLE     No.    48. 

Castel's  Experiments  with  Convergent  Tubes. 

Smallest  diameter  =:  .05085  feet. 


AnWcfcnoiMntmi. 

lATgcr  diAmetef . 

SnaUer  dluneur. 

Velocity. 

CM£^cifmt. 

C9iffi£i4mi, 

CMjieitnt. 

0"       0' 

0.829 

0.829 

0,830 

>:  36' 

.809 

.866 

.866 

3  *^; 

.786 

.895 

.894 

<  '° 

.77  t 

.912 

.9x0 

s!  ^^ 

.747 

.924 

.920 

7     52 

.691 

.929 

■931 

8*"    58' 

,671 

.934 

.942 

10°      2o' 

.647 

.938 

.950 

»°      4 

,611 

.942 

■955 

13'    34' 

.597 

.946 

.963 

14*    18' 

•577 

.941 

.966 

xe**  36' 

'545 

.938 

.971 

19'  28' 

.501 

.924 

.970 

21*    0' 

.480 

.918 

.971 

n'    0' 

.457 

.913 

•974 

29^  58' 

.390 

.896 

•975 

40°  20' 

•319 

.869 

.980 

48°  50' 

.276 

.847 

.984 

I 


The  coefficients  for  the  larger  diameter  have  been  com- 
puted from  the  remaining  data  of  the  table  for  insertion 
here. 

^^34,  Increane  and  Decrea.se  of  Coefficient  of 
Smaller  Diameter.  -When  the  coefficient  of  volume  is 


i 
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determined  for  the  smaller  diameter,  or  issue  of  a  short, 
convt'rgent  tubej  the  coefficient  is  found  to  increase  from 
that  for  cylindrical  tubes  at  angle  0""  to  an  angle  of  about 
13''  30',  when,  binder  the  conditions  upon  which  CasteVs 
table  was  based,  it  has  increased  from  .83  to  .96.  After- 
wards, the  coefficient  gradually  reduces,  until  at  180"  it 
becomes  .62,  as  in  thin  plate, 

335.  Coefficient  of  Final  Velocity.— The  coefficient 
of  final  velocity  of  issue  gradually  increases  as  the  angle  of 
convergence  increases,  until  it  rises  from  .83*  at  angle  C  to 
nearly  unity  at  angle  180^ ;  but  that,  for  angles  less  than 

13°,  is  not  the  true  coefficient  of 
^'^  ^^*  velocity,  since  it  refers  to  the  ve- 

locity of  issue  at  the  end  of  the 
tube,  instead  of  in  the  contrac- 
tion. 

236.  Inward  Projecting 
Ajut4ige.— \Mien  an  orifice,  or 
the  entrance  of  a  short  tube,  ia 
projected  into  the  interior  of  a 
reservoir,  as  in  Fig.  31,  the  angle 
of  approach  of  the  particles  be- 
comes greater  than  when  the  orifice  is  in  plane  partition, 
and  the  contraction  becomes  still  more  miarked.  Borda, 
when  experimenting  with  such  a  tube,  in  which  the  vacuum 
was  not  perfected,  found  tlie  coefficient  to  be  .515.  This 
coefficient  may  be  considered  as  an  extreme  minimum. 

237.  Compound  Tube. — When  two  or  more  of  the 
short  tubes  above  described  are  joined  together  endwise 
into  one  tube,  as  in  Fig.  32,  the  new  tube  tlms  formed  is 
termed  a  cwnpound  tube. 


I 


*  Its  mean  velocil/j  io  •  cyUodrical  tabe,  after  the  jet  has  expanded  brvond 
the  oonitmettou. 
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Ventari  experirnonted  with  various  fonns  and  propor- 
tions of  compound  tubes,  and  observed  remarkable  results 
produced  by  certain  of  them,  which  apparently  augmented 
the  force  of  gravity. 

With  a  tube  Bimilar  to  Pig.  32,  but  with  less  perfect 
contraction,  having  the  included  angle  of  the  divergent  tube 
equal  to  5*  6',  the  Bmallest  diameter  equal  to  0.1109  feet, 
and  the  length  equal  to  nine  diameters,  tlie  coefficient,  com- 
for  the  emallest  diamet<*r,  when  flowing  under  a  con- 
it  head  of  2.89  feet,  was  1.46,  or  about  2.4  times  that  of 
an  equal  orifice  in  thin  plate. 

238.  Coeffleieiits  of  Coiiipouiul  Tubes.— Other  forms 
of  compound  tubes,  with  conical  diverging  ajutages  of  dif- 
ferent lengths  and  angles,  gave  results  as  follows : 

TABL  E     No.    49. 
Experiments  with  Divergent  Ajutages. 


AjuTJua*. 

AjUTAOR. 

COSPFICIIHT. 

CnKnwt  WT 

Angle. 

Lenrtb. 

Angle. 

Length. 

Ffft. 

Fttt, 

3'  30' 

0.364 

0.93 

5"  44' 

•193 

.8a 

4'3»' 

109s 

i.ai 

10     16' 

.865 

.91 

4"  38' 

1,508 

r.ai 

10''  tbf 

.147 

.91 

4'  38' 

1.508 

1.34 

14"  14' 

.147 

.61 

5*44' 

^577 

1. 03 

220 


FLOW    OF    WATER    TEKOUUU    tiUOHT    TUBES. 


!S30.  Experiments  with  Cyliiidriciil  and  Coni- 
ponud  TiibeH. — The  follo\\ing  table  gives  interesting  re- 
sults of  experiments  by  Eytelwein  with  botli  cylindrical 
and  compound  tubes. 

He  first  exijerimenti^  with  a  Beries  of  cylindrical  tabes 

of  different  lengths,  but  of  equal  diameters ;  he  then  placed 

between  the  cylindrical  tubes  and  the  reservoir  a  conical 

converging  tube  of  the  fonn  of  the  verid  coniracid,  and 

repeated  the  experiments ;  and  afterwards  added  also  to 

the  discharge  end  a  conical  diveigiug  tube  with  5"*  6'  angle, 

Fig,  33. 

Fio.  88. 
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TAB  LE     No.     50. 
Experiments  with  Compound  Tubes. 


Length  oftube  Pin 

Length  of  tube  P 

Coefficient  for 

Coeffideot  tor 

Coeffideot  (or 

diuneiers. 

Infect. 

tube  P. 

lube  CP, 

tube  CPD. 

1            0.038 

0.0033 

0.62 

... 

•  •  •  • 

1              l.OOO 

.0853 

.6a 

.967 

.... 

L      3.000 

•3559 

.82 

•943 

1.107 

12.077 

1.0302 

.77 

.870 

.978 

24.156 

3.0605 

•73 

.803 

•905 

36233 

3.0907 

.68 

.74« 

.836 

48.27^ 

4.1 1 76 

.63 

.687 

.762 

60.1 16 

5U79 

.60 

.648 

.702 

The  diameter  of  the  tube  P  was  0.0853  feet  and  the  flow 
took  plac-e  under  a  computed  average  head  of  3.3642  feet. 
The  mean  head  was  computed  by  the  formiUa, 


PEiJCl'SSIVE   FORCE   OF   PARTICLEfl. 


S91 
(8) 


=  mmimuiD 


meai 


Fio.  84. 


in  which  H=  maximum  head, 
mean  head. 

'^O.  Tendency  to  Vacnum.— Tlio  effect  of  tho  per- 
on  of  the  axial  particlus,  ti^uding  to  produce  a  vacuum, 
of  the  enlargement  of  the  circumference  of  the  jet  in  D^ 
\&  apparent  until  the  length  reaches  thirty-six  diameters, 
and  is  greatest  at  three  diameters  length,  thongli  still  less 
than  with  Fig.  28,  because  the  surface  of  contact  of  the  jet 
against  the  tube  is  greater. 

241*  Percussive  Force  of  Particles, — The  percus- 
sive effect  of  particles  of  water  in  rapid  motion  is  illustrated 
hy  another  experiment  of  Ventn- 
ri's,  with  apparatus  similar  to 
Fig.  34. 

il  is  a  high  tank  kept  filled 
with  water,  and  V  is  a  smaller 
tank  at  its  base,  full  of  water  at 
tlie  bi'ginning  of  the  experiment. 
P  is  an  open-toj»ped  pipe  placed 
in  the  small  tank,  and  has  holes 
pierced  around  its  base,  so  that 
the  water  in  C  may  enter  it  freely 
and  rise  to  the  level  c.  From  A  a  small  tube,  c,  leads  a  jet 
into  P. 

Upon  the  tube  e  being  openc*d,  the  whole  body  of  water 
in  P  is  set  in  motion  and  begins  to  flow  over  its  top,  and  the 
body  of  water  in  C  is  drawn  into  the  pipe  P  through  the 
perforationB,  and  the  surface  of  C  will  be  seen  to  fall  grad- 
ually from  c  to  d^  until  air  can  enter  through  the  perfora- 
tionis  and  destroy  the  partial  vacuum  in  P. 
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For  a  clear  conception  of  the  efftn^t  of  the  particles  of  the 
jet  upon  the  particles  in  P,  imagine  all  the  paiticles  and 
the  appamtus  to  \k'  greatly  magnified*  so  that  there  will 
appear  to  be  a  jet,  e,  of  balls,  like  billiard  balls,  for  illus- 
tration, through  a  mass,  P,  of  similar  balls. 

243.  Riingi'  of  a  8et  of  E>-telwein'ft  ExperimentH* 
— In  the  last  table  (No.  50),  there  apjjears  the  mean  coef- 
ficients due  to  several  distinct  classes  of  apertures,  viz. : 
0.62  due  to  a  tube  orifice  or  orifice  in  tlun  plate,  with  length 
equal  to  0.038  diameters ;  0.82  due  to  a  short  cylindrical 
tubcy  with  length  equal  to  3  diameters  ;  0.943  due  to  lessened 
contraction  by  the  convergent  entrance,  with  length  equal 
to  3  diameters  ;  and  1,107  (which  in  more  perfect  form  of 
compound  tubevre  have  found  to  be  1.46)  due  to  convergent 
entrance  and  divergent  exit,  witli  length  equal  3  diameters. 

There  also  appeal's  the  increase  of  coefiicient  from  orifice 
to  short  tube,  and  then  tlie  gradual  reduction  of  all  the 
coefficients  by  increase  of  length  of  tube  (into  pipe)  from  3 
to  60  diameters  long. 

These  phenomena  cannot  fail  to  be  of  interest  to  atudents- 
in  that  branch  of  natural  ])hilost)pliy  wliicli  relates  to  hydro- 
dynaniics,  and  the  practical  hydraulician  cannot  afford  to 
overlook  their  effects. 

24,3.  Cylindrical  Tubes  to  be  l^referred.— There  ift] 
rarely  occasion  for  the  practical  and  honest  use  of  the 
divergent  tube,  when  its  object  cannot  better  be  accom* 
plished  by  a  slightly  increased  diameter  of  cylindrical  tube. 
The  capability  of  the  divergent  ajutage  to  increase  the  dis^, 
charge  from  a  given  diameter  of  orifice,  was  known  to  th» 
ancient  philosophers,  and  to  some  of  the  Roman  citizens  who 
had  grants  of  water  from  the  public  conduits,  and  D'Au- 
bniason  states  tliat  a  Roman  law  prohibited  their  xxse  wit] 
62J  feet  of  the  entrance  of  the  tube. 
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CHAPTER  XIII. 

FLOW  OF  WATER  TDROUUH  PIPES.    UNDER   PUESSHRE. 

244.  Pipe  and  Conduit.— A  cylindrical  tube  intendetl 
to  convey  water  under  pressure  is  termed  a  pipe  when  its 
length  exceeds  about  three  times  its  interior  diameter ;  or 
immediately  after  its  lengtli  lias  become  sufficient  for  the 
completion  of  the  vacuum  about  the  jet  flowing  into  it 

A  long  pipe  constructed  of  masonry  is  termed  a  coiiduU^ 
and  when  it  is  a  continuous  tube,  or  compt)sed  of  sections 
of  tubes  with  their  axes  joined  in  one  continuous  line  and 
Adapted  to  convey  water  under  pressure,  it  is  termed  a  marn 
pipe,  svJj-7nai7iy  branch.,  waste,  or  sertice  pipfj  according 
to  itd  office. 

345.  Short  Pii»efl  grive  Greatest  DiHihargfe.— The 
greatest  possible  discharge  througli  a  cylindrical  tube,  due 
to  a  given  lu*ad,  occurs  when  its  length  is  just  sufficient  to 
allow  of  the  completion  of  the  vacuum  alunit  the  c<mtrac- 
tion  of  its  jet  at  the  influence^  if  its  influent  end  is  then 
Bufficiently  enbraergt^d  Uy  maintain  the  pipe  full  at  the 
iseue. 

In  the  discnsRion  of  short  tubes  (§  228),  we  liave  seen 
that  their  coefficient  of  discharge  is  increased  from  0.62 
(that  for  thin  plate)  to  a  mean  of  0.815.  There  is  .still  a  loss 
of  eight^M^n  per  cent,  of  tlie  tlieon'tical  volume,  due  chiefly 
V)  the  contraction  of  the  vein  at  its  entrance  to  the  tube, 
from  which  results  a  loss  of  velocity  and  a  loss  of  energy  as 
llie  jet  expands  to  fill  the  tube. 
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LOSS    OF    FORCE,    OR    EQUIVALENT    HEAD,   AT 
THE    ENTRANCE    TO    A    PIPE. 

246.  Theoretical  Volume  from  Pipes.— Let  A,  Fig. 

35,  be  a  reservoir  containing  water  one  hundred  feet  deep  = 
H^  to  tlie  level  of  its  lK»rizontal  effluent  pipe,  P.  Let  the 
pipe  P  be  one  foot  in  diameter  =  d. 

Then  the  theoretical  volume  of  dischai^  will  equal 
V2gHx  .7864^^  =  63.028  cubic  feet  per  second  ;  but  when 
the  pipe  is  three  diameters  long  (=  3  feet),  the  real  discharge 
according  to  experiment  will  be 


Q  =  .815  V2gHx  .7854<^^ 


(1) 


=  51.40  cubic  feet  per  second. 


Fig.  8& 
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Let  V  represent  the  theoretical  velocity ;  then  will  the 
total  head  2/  =  ^  =  100  feet 

Let  V  represent  the  measured  velocity  of  discharge,  and 


h  the  head  necessary  to  generate  ?»,  then  h  — 


^9 
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247.  Mean  Efliux  (Vom  Pli>e«.— The  aeotion  of  Uie  jet, 
having  expanded  beyona  the  contraction  issues  with  a  diam- 
eter equal  to  that  of  the  tube,  and  the  coefficient  of  velocity, 
r„  18  constequently  equal  to  the  coefficient  of  discliarge,  c, 
which  is,  at  a  mean,  .815  and  the  theoretical  velocity  V  = 

—  =  -jTTT  =  80.26  feet  per  second. 
C       .816  ^ 

»48.  SalMlivision  of  the  Head.— The  total  head  ff, 
acting  upon  a  short  cylindrical  tube,  consists  of  two  jwr- 
tions,  one  of  which  generates  v  =  .815  F=  66.4  feet  per 

second.     The  other  portion,  capable  of  generating  -^^  — 

t)  =  14.85  feet  per  second,  acts  in  the  form  of  pressure  to 
overcome  the  resistance  of  entry  of  the  jet  into  the  tube. 
Let  h'  represent  this  force. 

The  head  due  to  ?)  is  ^  =  ^^ ,  =  66.6  feet  in  the  above  as- 
sumed  case. 

The  head  due  to 


~V\Bh'=  ( 


815^  X  2g 


2g/ 


816 

(1  -  l)  g  =  33.5  feet. 

The  ratio  of  h'  to  h  is  therefore  j—  —  1 1  =  ,6065  for  this 

cafle,and  (h  +  h)  =  {h  +  .5055  70  =  77. 

MO.  Mechanical  Eft'ect  of  the  Efflux.— Since  the 

dynamic  force  of  the  jet  is  as  the  effective  head  acting  upon 
it,  the  loss  of  .606  of  A  is  a  matter  of  importance,  espe- 
cially in  cases  of  short  pipes. 

The  theoretical  velocity  being  =  "qi  k>  ^^^^  theoretical 

energy  of  the  jet,  under  the  same  assumed  conditions,  ie  ^tt. 

X  s-  X  Q  X  w  =  321250  foot  pounds  per  second  =  584.09 
15 
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H,P.;  w  representing  the  weight  in  pounds  (=  62.34)  per 
cubic  foot  of  the  water,  and  Q  the* volume  or  quantity  of 
water  in  cubic  feet  per  second. 

The  enei:gy  B,  due  to  r,  is  expressed  by  the  equation, 


B  =  i^-x  Q  X  w 


m 


=  213631.2  foot  pounds  per  second  =  388.42  ^P. 

The  loss  of  energy  from  the  quantity  of  water  Q  during 
the  efflux  in  one  second,  being  proportionate  to  the  loss  of 
head,  is, 


(||-|i-,Dx^  =  t^->)|x«»- 


(3) 


^  107618.75  foot  pounds  i>er  second  =  195.67  H.P, 

250.  R^itio  of  KesiHtaiice  at  Entrance  to  a  Pipe. 

— The  ratio,  .505,  of  ?i  to  h.  is  very  nearly  a  nufau  for  tubes 
whose  edges  are  square  and  ^ush  in  a  plane  partition.  If 
the  entrance  of  the  tube  is  well  rounded  in  tnimiM^t-mouth 
form,  corresponding  to  the  form  of  the  vend  coniractd^  the 
coefficient  of  velocity  c,  will  be  increased  to  about  .98,  and  the 

ratio  of  resistance  will  become  y^ — ll  =  .0412,  equal  in 

tlus  case  (Fig.  35)  to  about  four  feet  head,  and  the  head 
tliat  can  be  made  available  for  work  vdU  equal  ninety-six 
feet. 

The  disadvantage  of  the  square  edges,  as  respects  both 
volume  and  dynamic  force,  is  apparent  Tliis  resistance  of 
entry  of  the  jet  into  a  tube,  whose  ratio  of  head  we  have 
determined,  is  force,  or  its  equivalent  head  irrecoverably 
lost.  Its  maximum  for  a  given  head  occurs  when  the  tube 
is  about  tliree  diameters  long,  the  velocity  being  then  at  its 
maximnra,  and  tben^after  its  value  is  reduced  as  the  pipe  is 
lengthened,  and  with  the  square  of  the  velocity. 
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RESISTANCE    TO     FLOW    WITHIN    A     PIPE. 

251.  Resistance  of  Pipe- wall. — We  have  heretofore 
considered  the  whole  head  H  as  applied  to  and  entirely 
utilized  in  overcoming  the  resistance  of  entry  of  the  jet  into 
the  pipe,  and  in  generating  the  velocity  among  the  particles 
of  the  jet. 

We  will  now  consider  the  resistances  within  the  pipe  and 
its  appendages,  and  the  portion  of  the  velocity  that  must  be 
converted  into  hydraulic  pressure  to  overcome  them. 

352.  Conversion  of  Velocity  into  Pressure.— If 
the  pipe  P,  Pig.  35,  of  thi-ee  diameters  length,  be  extended 
as  at  J",  a  new  resistance  arising  within  the  added  length 
actd  upon  the  jet  and  again  reduces  the  volume  of  flow.  A 
portion  of  the  velocity  of  the  jet  is  converted  into  worlcing 
or  hydraulic  force,  and  is  applied  to  overcome  the  resistances 
presented  within  the  pipe,  and  the  proportion  of  the  velocity 
thus  consumed  is  almost  dii*ectly  proportional  to  the  length 
added  of  the  pipe,  of  the  given  diam*»ter. 

253.  CoefBcients  of  Efflux  from  Pipes,— The  effects 
upon  the  volume  of  discharge  through  a  given  pipe  conse- 
quent upon  varying  its  length  will  br;  apparent  niinn  inspec- 
tion of  a  table  of  coefficients  of  efflux,  c,  due  to  its  several 
lengths  respectively. 

We  will  assume  the  pipe  to  be  one  foot  diameter,  of 
clean  cast  iron,  when  the  coefficients  dr^tprniin<'d  experi- 
mentally have  mean  values  about  as  follows : 


TABLE     No.    81  . 

COEFFICIKNTS   OF    EfFLUX   (f)    FOR    ShORT   PiPES. 
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Plotted  as  ordinates,   beginning  witli   the    theoretical 
coefficient,  unity,  tliey  range  themselves  as  in  Fig.  36. 
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25A,  Reactions  from  the  Pipe-wall. — A  fair  sam- 
ple of  ordinary  pipe  casting,  a  cement- lined,  lead,  or  glazed 
earthenwai-e  pipe  are  each  termed  sraootli  pipes,  hut  a  good 
magnifying  lens  reveals  upon  their  surfaces  innumerable 
cavities  and  projections. 

Tlie  molecules  of  water  are  so  minute  that  many  thou- 
sands of  tlieni  might  be  projected  against  and  react  from  a 
single  one  of  those  innumerable  projections,  even  tbough  it 
was  inappreciable  to  the  touch,  or  invisible  to  tlie  naked 
eye. 

A  series  of  continual  reactions  and  deflections,  originated 
by  the  roughness  of  the  pipe,  act  upon  the  individual 
molecules  as  they  are  impelled  forward  by  gravity,  and 
materially  retard  *  their  flow. 

In  a  givru  pijx^  having  a  uniform  character  of  surface, 
the  sum  of  the  reactions,  for  a  given  velocity,  is  directly  aa 

*  The  refiistanre  was.bv  the  cftrlter  phJlosopUore,  attributed  chiefly  Co  ih»^ 
adbeBion  of  the  fluid  purtlcl<«  U^  the  fuleo  of  the  pipe,  and  to  the  cohcaioaj 
amonf?  the  particles.     Vid^  Dowuing.  who  accepts  the  views  of  Du  Buat.  TVAd- 
bitisiH»n.   aud  uther  eiuiuout  authorities.     Practical  Uydrauijcs,  p.  200.     Luo- 
dr.tt.  1875. 
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its  wall  surface,  or  as  the  product  of  the  inner  cirrumfer- 
ence  into  the  length.  Since  in  a  pipe  of  uniform  dianieU-r 
the  circumfei-ence  is  constant,  the  sum  of  the  reactions  is 
also  directly  an  the  length. 

The  impulse  of  the  flowing  particles,  and  therefore  their 
reactions  and  eddy  intJuences,  are  theoretically  proportional 
to  the  head  to  which  their  velocity  is  due,  which  is  propor- 
tional to  the  square  of  tlie  velocity,  or,  in  general  terms,  the 
eflfective  reactions  are  proportional  nearly  to  the  square  of 
the  velocity. 

The  resistances  arising  from  the  Interior  surface  of  the 
pipe  are,  therefore,  not  only  as  the  lengthy  but  an  the 
square  of  the  velocity^  nearly. 

The  effect  of  the  resistances  Is  not  equal  upon  all  the 
particles  in  a  section  of  the  column  of  water,  but  is  givatest 
at  Uie  exterior  and  least  at  tlie  centre,  or,  in  a  given  section, 
approximately  as  its  cirou7i]ferenjce  divided  by  a  function 
of  Us  area,* 

255.  Origin  of  FonnulnH  of  Flow. — These  simple 
hypotheses  constitute  the  foundation  of  all  tlie  expi'essions 
of  resistance  to  the  flow  of  water  in  pipes,  as  they  appear  in 
the  varied^  ingenious,  and  elegant  formulas  of  those  emi- 
nent phUosopliera  and  hydraulicians  who  have  investigated 
the  subject  scientifically. 

256.  Formula  of  Resistance  to  Flow. — Place  R  to 
represent  the  sum  of  all  the  resistances  arising  from  the 
circnmferenoe  of  the  pipe  (excluding  those  due  to  the  entry); 
C  for  the  contour  or  circumference  of  the  pipe,  in  feet ;  S  for 
the  section  of  the  interior  of  the  pipe,  in  square  feet ;  I  for 
the  length  of  the  pix)e,  in  feet;  and  o  for  the  mean  velocity 


.  •  The  Uw  of  the  effecte  of  the  resistances  is  beliered  to  hare  been  first  for- 
zoulAted  in  the  nimple  iilg;cbraic  eipresaiona  now  in  general  use,  by  M.  Chezj, 
About  theye&r  1775. 
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Sn'.  Coeflicfcnt  of  Flow^— In  die  eqnSoB  a 
wwHrJeot  a»  ^peara,  which  also  is  to  be  ddctaoBe 
esperfmeoL    U  la  not  to  be  ooofoiiDded  wiA  the  e 
fore  inreetigated,  but  will  bereaAer  be  inreet^galed  inde>- 
pendently. 

2fi8.  Op|M>ttltion  of  frravfty  and  Rcartion. — We 
bave  «een  that  gravit}'  (g  189)  is  the  natuia]  mi^  and  the 
aooelerating  force  tiiat  prodooee  motion  of  water  in  pipes. 

Its  effect,  if  no  rcfflstauce  was  opposed,  would  be  to  cod- 
tiniially  accelerate  the  tiow.  On  the  other  hand,  if  its  el 
waA  removedf  the  resistances  would  bring  the  colomn  to  a 
Htatt!  of  ri-st. 

Tlie  two  influences  oppose  each  other  continually,  and 
then.'fom  Umd  to  tlie  production  of  a  rate  of  motion  in  whicb 
they  balanrc  ea<rh  other. 

tiiflK  CoiiverHlon  of  PresHnre  Into  Mechanical 
lifleet. — W'beu  the  motion  has  become  sensibly  constant, 
a  portion  of  the  effect  of  gravity  tliat  appearfxl  as  velocity 
in  the?  cases  of  orific<-nj  and  short  tubes,  or  its  equivalent  in 
tlie  form  of  head  is  consumed  by  impact  upon  tlie  rough 
j»n>J<H^ti<)ns  of  tiu»  pipt*  wall  and  reactions  therefrom,  and  the 
nMiiaiuing  forc<*  due  to  gravity  or  head  is  producing  tlie 
velocity  of  flow  then  n^maining. 

*li\0.  MeuHtire  of  lieHlHtance  to  Flow. — The  effect 
of  tlio  rf-Histance  alon^  a  main  pipe,  when  discharging 
wator  fn)m  a  Reservoir,  as  in  Fig.  37,  may  be  observed  by 
attiU'liiiig  a  8<^rioH  of  pressure  gauges  at  intervals,  or  by  at- 
taching a  eerioH  of  open-topi)ed  pipes,  as  atj>j?,^,  etc. 
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If  the  end/  of  the  pij>e  is  closed,  water  will  stand  in  all 
the  vertical  pipes  at  the  same  level,  al%  as  in  the  reservoir. 

If  the  diameter  of  the  pipe  is  uniform  throughout  ita 
length,  and  the  flow,  the  full  capacity  of  the  pipe,  tlien 
water  will  stand  in  the  several  vertical  pipes  up  to  t]ie  in- 
clined line  a/;  provided  that  tlie  top  of  pi  he  closed  so  that 
there  may  be  a  tendency  to  vacuum  at  w,  and  provided  also 
that  n  is  not  more  than  tliirty  feet,  or  the  height  to  which 
the  pressure  of  the  atmosphere  can  maintain  the  pipe  full, 
above  the  line  a/,  at  /?/. 

When  /  is  an  open  end  discharging  into  air,  and  the 
vacuum  at  n  is  not  maintained,  an  will  be  the  total  i^ffe*- 
tive  head,  and  the  portion  of  the  pipe  rtf'  will  be  only  ])arti- 
ally  filled. 

t^Ol.  Resistance  DecreaneH  an  the  Square  of  the 
Veloeity. — If  the  discharge  of  the  pipe  is  throttled  aty,  by 
a  partial  closing  of  a  valve,  by  a  contraction  of  the  issue,  or 
by  diversion  of  the  stream  into  other  pipes  of  less  capiicity, 
and  a  portion  of  the  velocity  is  in  consequence  conve 
into  pressure  equivalent  to  the  head//,  then  the  resistance 
will  be  lessened  as  the  square  of  the  velocity  decreases,  and 
water  will  stand  in  the  vertical  pipes,  or  tlie  gauges  will  in- 
dicate the  inclined  line  a"/'.  This  is  the  usual  condition  of 
mains  in  public  water  supplies. 
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263.  Increase  of  Bursting  Pressure- — One  effect  of 
throttling  the  discharge  is  seen  to  he  an  increase  of  bursting 
pressure  upon  the  pipes,  which  is  greater  when  the  exit  is 
entirely  closed  than  when  there  is  a  constant  flow,  and  which 
decreases  as  the  velocity  increases,  though  a  sudden  clos- 
ing of  a  valve  against  a  rapid  current  will  probably  prove 
disastrous  to  an  ordinary  pipe  that  is  fully  able  to  sustain 
a  legitimate  pressure  due  to  the  head. 

263,  Acceleration  and  Resistance. — Let  ab  (Pig.  38) 
be  a  vertical  pipe  discharging  water  from  a  reservoir  A, 
maintained  always  full.     If,  before  the  water  entered  the 

Fia.  88. 


pipe,  a  single  particle  had  been  dropped  into  its  centre  &ozn 
a,  the  velocity  of  movement  of  the  particle  would,  in  couse- 
qxience  of  the  effect  of  gravity  upon  it,  have  been  constantly 
accelerated  through  its  whole  passage  along  the  axis. 
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Its  velocity,  when  it  Lad  readied  b,  would  Lave  been 
eqnal  to  V2gH^  wbeu  J?  represents  the  vertical  height  ab 
in  feet 

The  greater  the  height  ab  the  greater  the  sum  of  the  ac- 
celerations by  gravity,  and  also,  if  the  pipe  is  flowing /wi^, 
the  greater  the  length  a'h  the  greater  the  sum  of  the  resist- 
ances acting  upon  the  column  of  water  to  retard  it. 

*^<)4.  Equation  of  Head  Required  to  Overcome 
(lie  Resi«t«iiee.— Let  v  be  the  velocity  of  the  jet  issuing 
from  ft,  h  the  head  to  which  v  is  due,  and  A '  the  head  act- 
ing upon  the  resistance  7?,  and  m  a  coefficient. 

Then  the  ratio  of  the  amount  of  the  force  of  gravity,  or 

equivalent  he^id,  A",  converted  into  hydraulic  pressure  to 

balance  the  resistances  within  the  given  length  of  pipe^  and 

for  the  given  head,  is  to  the  head,  A,  producing  the  velocity 

C  r*         «* 

as  ^  X  &»  X  s-  to  ^- ;   hence  the  equation  of  resistance 

head  is 


(6) 


265,  Designations  of  /*"  and  ?.— In  long  pipes  the 
total  head,  H=7i  +  ?t  ^  h". 

The  head,  or  charge  of  water  h'  acting  upon  the  resist- 
ances, is  the  vertical  height  of  the  surface  of  the  reservoir, 
less  the  height  <wi"  ~'h  (Pig.  38),  necessary  to  generate  the 
velocity  r,  and  also  less  the  height  a'a'  =  h'  necessary  to 
overcome  the  resistance  of  entry,  above  the  centre  of  the 
discharging  jet  at  the  exit;  or  if  the  discharge  is  into 
another  body  of  water,  above  the  surface  of  the  lower 
body. 

The  length  Z  to  be  taken,  is  the  actual  length  of  the  axis 
of  the  pipe. 

In  topographical  surveys  the  chain  is  held  horizontal. 
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and  the  dlstauce  a/  is  in  plotting  expressed  by  its  projce- 
Hon  a'ky  but  for  pipes  the  tme  ratio  -j  ^^  ^^ 

Then  whatever  the  position  or  direction  of  the  pipe  a'b, 
or  a'/j  or  if,  or  «m/ (abstracting  for  the  present  anj  resist- 
ance of  curvature),  the  equation  of  ^"  raeasureathe  resistance 
unless,  in  tiie  cAse  of  a  pipe  discharging  near  to  its  full  capa- 
city, an  upward  curve,  ftj  shall  rise  more  than  thirty  feet 
above  the  line  of  hydraulic  mean  gradient  <£f^  when  /*"  is 
to  be  taken  in  two  sections,  first  from  a'  to  n  vertically,  and 
second  from  nU>  f  vertically  reduced  by  the  effect  of  the 
vacuum,  if  any,  or  as  a  simple  channel  without  pressure  if 
the  length  r{f  does  not  fill. 

•406.  Variable  Value  of  »*.— In  the  equation  of  K\  (6), 
we  have  the  coefficient  /w,  whose  several  values  are  to  be 
deduced  from  actual  measurenients  of  tlic  Huw  of  water 
through  pipes,  and  wliose  governing  conditions  are  to  be 
clost'ly  observed  and  studied. 

The  physical  conditions  of  various  pipes  are  so  different 
that  s]>(H:ial  coefficients  are  required  for  each  class  of  con- 
ditions. 

A  sliglit  increase  in  the  roughness  of  the  interior  surface 
of  the  pipe,  occasional  sudden  enlargements  or  contractions 
of  the  diameter  of  the  piix*,  and  sudden  bends  in  the  direc- 
tion of  the  pii>c,  may  be  instanced  as  sufficient  departures 
from  the  conditions  of  straight  pipes  with  uniform  diameters 
and  surfaces  to  materially  modify  the  value  of  its  coefficient 
of  flow. 

267.  Tiivestlffsition  of  Values  of  w,— For  the  de- 
termination of  a  8«M'ies  or  tiible  of  coefficients,  //?,  for  full 
pipes,  we  will  select  data  from  published  tables  of*  exper- 

*  Recbercliea  experimentalea  reUtlvw  &u  movement  de    I'eau    dans    !• 
taj&ax.     PahB,  1857. 
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iinente  by  Henry  Darcy,  made  while  lie  was  director  of  the 
public  water  service  of  the  city  of  Paris  ;  from*  experiments 
by  Geo.  S,  Greene,  made  while  chief  engineer  of  the  Croton 
Aqin-duct  Department  of  New  York  city  ;  from  exix^rinieiit^ 
by  Geo.  H.  Bailey,  Esq.,  made  while  chief  engineer  of  the 
Jersey  City  Water-works  ;  from  some  of  the  famous  exper- 
iments of  Du  Boat,  Couplet,  and  Bossut,  which  furnished 
the  chief  data  for  the  elegant  formulas  of  those  eminent 
philosophers,  as  well  as  those  of  Prony+  and  Eytelwein, 
and  from  several  otiier  sourei^s. 

'468.   Defluitiou  of  Syiuliols.— By  transposition  we 

have 

8       A"      1 


m 


A". 


^9  X  n  ^T  ^-^i 


C 


(7) 


The  member  -.  is  the  ratio  of  the  height  which  the  jiar- 
ticles  Bill  through  in  tlie  given  length,  equal  p  ^  ,  or  the 

sine  of  the  angle  of  inclination  ka'/y  Pig.  38.  The  inclina- 
tion n'/ \H  termed  the  '\v/o/?^,"  or  the  hydravlic  mfcm  gra- 
dlttit.  and  is  usually  designate<l  by  the  letter  /.  The  point 
0*  is  alwa3^s  beneath  the  surface  of  the  water  a  depth  aa^ 
necessary  to  generate  the  velocity  t  in  the  pipe,  and  to 
overcome  the  n^sistance  of  entry,  whether  the  pipe  be  in  tlie 
position  ay\  //',  or  oT{t\ 

The  deptJi  an!  varies  as  the  velocity  varies,  and  the 
'* slope"  /  corresponds  to  an  imaginary  right  line  connect- 
ing the  points  a'  and/, 

a 

The  member  ^  as  now  inverted  (g  356)  refers  to  the 
ratio  of  the  section  to  the  contour  of  the  given  pipe,  or  to  the 

*  DeacriptiTe  Memoir  nf  the  Bmoklyo  WaterworkB.  by  Jmneii  P.  Kirk- 
wood.     Vu)  Noetrmnd.  X.  T..  ISltT. 

f  Vid€  Recherches  PliysicoMathematiques  8ur  la  Tbeorie  du  Mouvement 
das  Eftux  Courautc«.  1804. 
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Bectjonalar^       j^  ^  termed  the  "wmn  radius,''  or,  in 
wetted  penmeter 

the  cases  of  pipes  and  channels  partially  filled,  the  Ttydravr 

lie  mean  depths  and  is  osnallj  designated  by  the  letter  r. 

The  value  of  r  for  full  pipes  is  always  eqnal  to  one-fourth 

of  the  diameter  =  -^,  according  to  well-known  properties  of 
the  circle. 

269.  Experimental  Yalnes  of  the  Coefficient  of 
Flow. — ^We  have  then,  as  an  equivalent  for  equation  (7) : 

fl»  =  -^,       or       ^  =  -^2^-  (8) 
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TAB  LE    No.    B2. 

Experimental  Coefficients  (m)  of  Flow  of  Water  in   CUan 

Pipes,  under  Pressure,    m  =  —=-  =  -~  =  -—  x  — -• 

EXPERIMENTS    BY    H.    DARCY    (Cast-iron    Pipes). 


in  feel. 

infbet.    ' 

in  feet. 

ia  feet  per  sec. 

Coeffideat  -  m. 

0.2687 

0,06  5 

328.09 

0,2885 

-0104478 

ti 

1.742 

» 

1.8399 

.0067800 

m 

3*347 

u 

^•5946 

.0065508 

m 

13,260 

tt 

5-1509 

.0065850 

m 

39.Z99 

it 

ij.9242 

.0065162 

« 

56.011 

it 

10.7115 

.0064320 

0-4501 

0.079 

33S.09 

O.48S7 

.0073054 

u 

.6S6 

It 

I.60ZI 

.0059026 

I'SSS 

*( 

3.5021 

.0054960 

■ 

54.975 

ft 

15-39^9 

.0051240 

0.6I5I 

0.OS9 

328.09 

0.6544 

.O062S84 

a 

1,207 

w 

24991 

.0058476 

tt 

2.641 

K 

3'7i55 

.0057898 

u 

4-369 

tt 

4.9045 

.0055296 

ts 

12,500 

tl 

8.2564 

.005548* 

m 

47.872 

u 

16.3360 

.0054948 

0-9751 

0.093 

52S.09 

0.7997 

.oo688cj 

it 

.883 

f< 

3^7^34 

.005730*5 

it 

1.762 

tt 

37863 

.0058728 

tf 

3-^25 

u 

54039 

.0059314 

m 

7.562 

tt 

7^8330 

,0058890 

« 

13-473 

tt 

"0.3575 

,0060010 

1.6427 

0.I4S 

318.09 

13765 

.0063950 

a 

.148 

tt 

1.4685 

.0055310 

«' 

.197 

tt 

1^5549 

.0065688 

0 

■394 

ti 

2-5954 

.0047 160 

m 

^853 

tt 

36637 

.0051216 

a 

.8so 

a 

3.6900 

.0048536 
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TABLE    No.    88. 


ExPERiMzafTAL  CocmciEXTs  (jMT)  OF  FLOW  or  Wahbl  ts 


Pipes,  u3n>£R  Pressckk.    m 


EXPERIMENTS    BY   THE  WRITER   (VS/^rougbt-iFon   Cemenl-luMd 

Pipe). 


DiMwter^^ 

Hemd  =  Jk^, 

Laictk  =  A 

VdodtT^v. 

iafiecc 

mtec 

iiriMt. 

in  fat  per  «. 

1.6667 

1.86 

8x71.0 

0.949 

ux>6785 

u 

3.60 

u 

1.488 

-005338 

a 

5-93 

a 

».92S 

.005254 

u 

8.48 

u 

2.329 

-005133 

u 

10.93 

u 

2-598 

.005317 

*» 

12.91 

a 

2.867 

-005157 

u 

16.28 

u 

3-271 

.004996 

u 

18.60 

u 

3-439 

-005163 

u 

22.22 

u 

3-741 

.005213 

u 

24-54 

u 

1        3920 

.005243 

u 

*5-58 

u 

I        4-00 

-005249 

a 

26.16 

u 

4.04 

.005262 

0.0889 


•973 
1.484 
.0481 

.375 
1.220 

.013 
1.022 
1-954 


TABLE    N 

\o,    54. 

ENTS    BY    DU 

BUAT   <Tin   Pipas). 

10.401 
10.401 

5-179 
6.334 

.004992 
.005089 

12.304 
12.304 

0.7717 
2.606 

•009393 
.006424 

12.304 
65-457 

5.220 
O.1411 

.005207 
.014276 

u 

1-775 
2.546 

.007091 
.006585 

TABLE    No.    88. 

EXPERIMENTS    BY    BOSSUT    (Tin   Pipe*). 


0.0889 

0.331 

53.284 

1.085 

.001698 

u 

.976 

86.094 

1.979 

.004142 

.11841 

.864 

31-956 

2.945 

.005943 

u 

2.066 

191.840 

1.679 

.007282 

a 

1.699 

31-956 

4.308 

.005461 

.178 

.765 

31956 

3-581 

•005363 

it 

2.019 

191.840 

2.196 

.006270 

it 

1.892 

95905 

2.250 

.011190 

u 

i.49« 

31.956 

5-230 

.004901 
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TABLE    No.    86 


Experimental  Coefficients  (m)  of  Flow  of  Water  in   Clean 


Pipes,  under  Pressure,    m  = 


Civ* 


EXPERIMENTS    BY    COUPLET    (Iron    Pipes). 


INaJuneter  =  i/. 

Head  =  A", 

I^ength-/. 

Velocity  =  », 

Coefficients  m. 

ta&et 

Id  feet. 

bifett. 

In  feet  per  sec 

0.4439 

0.492 

7481.88 

0.1785 

.001475 

a 

1.005 

7481.88 

.2802 

,012230 

•4374 

1.484 

7481.88 

.3665 

.010390 

t< 

1.670 

a 

.4258 

.008667 

u 

2.130 

a 

.4640 

.009309 

u 

2.2IS 

u 

.4728 

.009323 

1.5988 

12.629 

3836.66 

3.4779 

.007004 

TABLE    N 

0.    87. 

EX! 

>ERIMENTS    BY    W.    A. 

PROVIS.    (Lead  Pipes.) 

-0.125 

3.91666 

20.00 

6.1495 

.006465 

S( 

iC 

40.00 

4.7588 

.005398 

ti 

ct 

60.00 

3.903a 

.005360 

*4 

f( 

80.00 

3-3961 

.005287 

it 

a 

100.00 

3.0897 

.005123 

TABLE     No.    88. 

EXPERIMENTS    BY    RENNIE. 
With  glass  pipes  slightly  rounded  at  the  ends. 


-0.0020833 

I.O 

1.0 

7.1637 

.000653 

€t 

2 

(( 

10.4196 

.000408 

tc 

3 

(€ 

13.9409 

.000601 

tf 

4 

(t 

14.6340 

.000637 

.0041666 

1.0 

1.0 

5.6450 

.001673 

ii 

2 

it 

8.3676 

.001916 

t€ 

3 

tt 

10.0497 

.001993 

ti 

4 

tt 

11.6000 

.001994 

,00625 

1.0 

1.0 

5-5487 

.004163 

« 

2 

tt 

8.1853 

.004814 

« 

3 

tt 

9.8551 

.003956 

S€ 

4 

It 

10.8330 

.004378 

•00833 

1.0 

1.0 

6.I038 

.004584 

tt 

3 

tt 

8.5386 

.004684 

U 

3 

tt 

10.8003 

■004393 

f€ 

4 

tt 

13.0400 

.004016 
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TABLE     No.    09, 
Experimental   Coefficients   («)   of   Flow  of  Water  in  Oii 
Pipes,  xjnder  Pressure,     m  —    >,^v' 

EXPERIMENTS    BY     H.     DARCY.     (FoUl   Iron   Pipe»0 


Dtauneter  =  < 
in  feet 

Hend  =  Jk", 

Lwgth  =  A 
in  feet. 

Velocity  =  p. 

In  feet  per  sec. 

CoefickDt  =  Pr. 

0.1194 

0.223 

328.09 

0.2669 

.018342 

<( 

.600 

(( 

•4273 

.019210 

it 

3. 198 

tt 

.8291 

.018735 

u 

5.003 

tt 

1.2494 

.OT8784 

tt 

10.630 

tt 

1.8079 

.019055 

it 

13-632 

tt 

a.0772 

.0185x1 

O.362B 

0.213 

328.09 

0.4040 

.016811 

ti 

.820 

(C 

.8242 

•015551 

tc 

2-379 

tt 

1.4645 

.014288     j 

it 

5.282 

tt 

2.2226 

.013774  1 

tt 

10. 171 

tt 

30517 

.014082 

tt 

14-^79 

tt 

3-7434 

.013679 

O.S028 

0.308 

328.09 

1.0080 

.011934 

it 

.663 

tt 

1.4824 

.011878 

tt 

1-552 

tt 

2.3218 

.011334 

tt 

3-773 

tt 

3.6283 

.01 12S5 

tt 

7-513 

tt 

5-0727 

.011494 

tt 

10.499 

tt 

6.0169 

.011417 

St 

13-468 

tt 

6.8037 

,011454 

«■ 

45.870 

tt 

12.5779 

.011415 

TABLE    No.    eo. 

EXPERIMENT    BY    GEN.    GEO.    S.    GREENE,    C   K^ 

Upon  a  New  York  City  cast-iron  Main.     (TubercuUted.) 

3.0        I      30.215      I      11217.00     I        2.99967        I  .00966 


EXPERIMENT     BY     GEO.     H,     BAILEY,    C.  E.. 
Upon  a  Jersey  City  cast-iron  Main.    (Tnberculated.) 

1.6667      I    28.1285      I      29715.00     I        1.43795        I  .01228 
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TABLE    6  O  .—(Continued.) 
Experimental  Coefficients   (m)  of   Flow  of  Water  in   Old 

2gh"S 


Pipes,  under  Pressure,    m  = 


Cl^ 


EXPERIMENT    UPON    THE    COLINTON    MAIN.* 
I^gfat  years  in  use. 


I>iuneter  =  < 
infieet. 

Head  =  h". 
In  feet 

'IS^r'' 

Velodty  =  p, 
in  feet  per  wc. 

Coefficient  =  m. 

1-3334 

it 

tt 

184 
230 
430 

3815 
25765 

39580 

14.500 

5253 
6.816 

.004923 
.005556 
^06559 

LAMBETH    WATER    WORKS    MAIN. 


3-5 

25 

54120 

1.773 

.005918 

1.583 

41 

22440 

3-734 

.006229 

I 

38 

5200 

4-353 

.006208 

LIVERPOOL    WATER    WORKS    MAIN. 

I  I      37         I        8140       I        2.644        I        .007633 

CARLISLE    WATER    W^ORKS    MAIN. 

X         1     34.5      I       6600      I       3.568       I       .006610 

EXPERIMENTS    BY    THE    W^RITER. 

With  nnlined  wrought  ixx>n  pipe  (gas  tubingX  the  jet  entering  through  a  stop- 
coclc  and  piston  meter,  with  coefficient  £  =  .58  when  length  =:  a2s.  The 
pipe  had  been  in  use  one  week,  but  had  rusted  considerably. 


0.08334 

38.73 

0.25 

46.70 

.... 

ti 

85.57 

9 

18.964 

-035467 

tt 

98.34 

735 

4-850 

.007636 

tt 

96.38 

1337 

3.538 

.007722 

tt 

87-33 

3040 

2.722 

.007746 

•  Vide  Piooeedingt  of  Xurt.  Cly.  Engineers,  p.  4,  Feb.  6th«  1855,  London. 
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TABLE     No.    61. 

^\ 

^H            Series  of  Coefficients  of  Flow  (w)  of  Water  in  Clean  Pipes,     f 

^^^^              UNDER   Pressure,  at   Different  Velocities,  and 

IN   Pipes      ■ 

^^^^^^       OF  Different  Diameters.    Im  =   ^        =  ^)' 

1 

^^^^V               VSLOCrTY. 

DlAMBTWO.                                                                                  1 

M'mch. 

iH" 

1^" 

•• 

^17//. 

.«^. 

-M5»'. 

.i66f'. 

^H                         F^  per 
^K^               Stcond. 

Cotjicim. 

CMfficinU. 

Cmfficitmi. 

Cg^JfUieui. 

Cmffieimt, 

Ctjfkumi. 

^^^K 

0.0150 

0.0130 

o.oj  19 

0.0107 

0.00970 

0.00870 

^^^^H 

.0143 

.0136 

.0116 

,0105 

.00952 

,00860 

^^H 

-0137 

.0123 

.CII3 

.0103 

.00937 

.OOS50 

^^H 

-0"33 

.01  ig 

.0110 

.0100 

.00920 

,00840 

^^H 

.0128 

.0116 

.0107 

.00984 

.00904 

.00830 

^^B 

.012;) 

.0113 

.0104 

.00960 

.00890 

.00822 

^^H 

.01 30 

.01 II 

.Ot03 

,00940 

.00873 

.00813 

^^H 

.0116 

.oioS 

.0100 

.00922 

.O0S60 

.00804 

^^H 

.0113 

.0105 

.00972 

.00910 

.00850 

.oo79» 

^^^H 

.0110 

.0102 

.00950 

-00893 

.00840 

.00790 

^^^1 

.0107 

.00995 

.00933 

.00880 

.00836 

.00783 

^^m 

.0104 

•00973 

.00913 

.00867 

.00817 

.00776 

^H 

.0101 

.00952 

.OOS98 

.00854 

.00809 

.00770 

^^H 

.00993 

.00930 

.00883 

.00843 

.00800 

.007&5 

^^H 

.00959 

.00910 

.00868 

.00832 

.00793 

•00757 

^^H 

.00942 

.00890 

.00854 

.oo8a3 

.00786 

.00750 

^^H 

.00920 

.00872 

.00840 

.00814 

.00777 

.00746 

^^H 

.00900 

.00856 

.00830 

.00806 

.00769 

.00741 

^^1 

.00880 

.00842 

.00820 

.00800 

.00763 

•00736 

^^^H 

.00862 

.00830 

.00810 

.00790 

.00757 

.00731 

^^1 

.00840 

.00804 

.00785 

.00770 

.0074a 

,00721 

^^B 

.00795 

.00780 

.00768 

.00752 

.00730 

,00710 

i^^H 

•00775 

.00761 

.00750 

.00736 

.00716 

,00700 

^^^H 

.00753 

.00745 

.00734 

.00722 

.00707 

,00692 

^^B 

.00732 

.00722 

.00712 

.00703 

.00693 

,00680 

^^^H 

.00722 

.007 10 

,00702 

.0069a 

.00683 

,00671 

^^B 

.00704 

.00693 

.00684 

.00675 

.00664 

-00654 

^^m 

.00689 

.00678 

.00670 

.00660 

.00650 

.00640 

^^l 

.00675 

.00664 

.00657 

.00648 

.00639 

.00629 

^^H 

.00663 

.00652 

.00646 

.00638 

.00627 

.00618 

^^H 

.00652 

.00643 

,00636 

.00628 

.00618 

,00609 

^^^V 

.00644 

.00634 

.00628 

. 00620 

.00610 

,oo6ci 

^^^^ 

.00630 

.00620 

.00614 

.00607 

.00599 

.00590 

H 

.00622 

.00613 

.00606 

.00600 

.0059a 

,00584 

■ 

.006 1 S 

.00608 

.00600 

' 00595 

.00589 

.005 Si 

H 

.006x6 

.00606 

.00599 

.00594 

.00588 

,00580 

^B 

.006 1 5 

.00605 

.00598 

•00593 

.00587 

.00579 

■      J 
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TABLE     No.    61  —  (Continued). 

■ 

■    Coefficients  of  Flow  (m)  of  Water  in  Clean  Iron  Pipes              ^B 

UNDER  Pressure. 

■ 

Vbiocitv. 

OlAHXTXBS. 

■ 

^^^H 

3  inch 

4" 

frW 

8" 

10" 

xa''                       ^^M 

1 

.a  so  feet. 

•3333'- 

y. 

.6667'. 

.8333'. 

^^M 

CMffici£nL 

CHifScitnt, 

C^igUUmt. 

CMgicitni. 

Cfiijficitmt. 

CMj^eitmi.                 ^^M 

■         -' 

0.00800 

0.00763 

0.00730 

0.00704 

0.00684 

0.00669                   ^^1 

1         '^ 

.00792 

■00755 

.00724 

.00698 

.00678 

^^H 

1          -3 

.00784 

.00750 

.00720 

.00693 

.00673 

^^M 

I       .4 

.00780 

.00742 

•00713 

.00688 

,00668 

^^M 

•5 

.00774 

•00737 

.00708 

.00682 

,00663 

^H 

K       -^ 

.00767 

.00732 

,00702 

.00677 

.00659 

.00642            ^^H 

1       '7 

.C0760 

.00727 

.00697 

.00673 

.00654 

.00638           ^H 

1      -^ 

-00754 

.00722 

.00693 

.00668 

.0065  r 

•00633           ^M 

1      -9 

.00750 

.00718 

.00688 

.00663 

.00648 

.00629           ^^1 

1    I.O 

•00743 

.00712 

.00684 

.00659 

.00643 

.00624           ^^1 

1   " 

.00739 

.00708 

.00679 

.00654 

.C0640 

^^^ 

1   '-' 

•00733 

.00704 

.00674 

.00652 

.00635 

I             ^^^ 

1   >  3 

.00729 

.00700 

.00670 

.00648 

.00632 

^^H 

'    14 

.00724 

.00697 

,00666 

.00644 

.00628 

^^1 

«-5 

.00720 

.00693 

.00662 

.00640 

.00625 

.00607             ^^1 

1.6 

.00716 

.00690 

.00658 

.00637 

.00622 

.00603             ^H 

1-7 

.00712 

.00687 

.00655 

.00633 

.00618 

^^M 

|i.8 

,00708 

.00684 

.00652 

.00630 

.006 1 5 

•00599            ^M 

.00703 

.00680 

,00650 

.00628 

.00612 

•00597           ^m 

3. 

.00700 

.00678 

.00648 

.00624 

.00609 

•00593           ^B 

a. as 

.00690 

.00670 

.00640 

.00617 

.00603 

.00588               ^H 

a. 50 

.00683 

.00663 

.00634 

,0061 1 

.00596 

.00581                1 

a-75 

.00675 

,00655 

.00629 

.00605 

.00590 

•00575                1 

3 

.00670 

.00650 

.00623 

.00600 

.00584 

.00570 

3  5 

.00660 

.00640 

,00614 

.00593 

■00574 

.D0561 

4- 

.00651 

.00631 

.00607 

.00586 

.00568 

•00553 

s. 

.00636 

.00618 

.00594 

.00573 

•00558   , 

.00543 

6. 

.00622 

,00605 

.00582 

.00562 

.00548 

•00534 

7 

.00610 

.00595 

.00572 

.00552 

.00540 

.00527 

8. 

.00600 

,00587 

.00562 

.00544 

.00532 

.00520 

9- 

.00593 

.00578 

■005S5 

.00538 

.00525 

.00512 

ro. 

.00585 

.00572 

.00549 

.00530 

.00520  1 

.00508 

ta. 

.00582 

.00560 

.00540 

.00522 

•00512   , 

.00500 

14, 

•00573 

.00554 

^00533 

.005  r  6 

.00507 

.00494 

t6. 

.00570 

.00552 

.00530 

.00513 

.00502 

.0049' 

[8. 

.00568 

.00550 

.00528 

.00510 

.00500 

.00488 

0. 

.00566 

.00549 

.00525 

.00508 

.00498 

.00485 

H 
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^^b 

T  A 

BLE    No.    61— (ConUnued). 

H 

^^^■^  Cozmciztm  or  Fu>w  (m)  or  Water  as  Clean  CAsr-lKoar  ^^| 

^^B 

Pipes  umdex  Presstre. 

M 

^H                VcLocmr. 

DiAKmn.                                                            ■ 

, 

^H 

^^H 

MiBClM 

tV 

tK 

^* 

■<• 

'f          ■ 

B 

l.ltt7C»(. 

*nvf' 

i^. 

%M^. 

sV. 

■ 

^1               J^M 

Ctf<^///N/. 

coefficient. 

1  Cptfficitmi. 

CMffieunt. 

CHfficUm^ 

C^^gUitmi.           M 

^^^ 

0.00650 

0,00633 

.... 

.... 

.... 

1 

^^^B 

.00644 

.00619 

0.00600 

0.00583 

.... 

....               ^1 

^^B 

.00640 

.00614 

-00597 

.00578 

0.00548 

0.00530   ^^1 

^^H 

.00634 

.00611 

.00593 

•00574 

!    .00544 

.00536  ^^H 

^^H 

.00630 

.00607 

.00588 

•00570 

.00540 

-00533  ^^ 

^^H 

.00625 

.00603 

.00584 

.00567 

-00537 

.00530        H 

^H 

.00631 

.00600 

.00580 

.00563 

.00533 

.00517      H 

.00617 

.00597 

•00577 

1     .00561 

.00531 

.00513      1 

^^B 

.00613 

•00593 

.00573 

.00558 

.00528 

.005 1  r         H 

^^H 

.OOO09 

.00588 

.00570 

•00555 

.00525 

.00508       H 

^            i»t 

.00605 

.00584 

.00568 

00552 

.00532 

.00505       ■ 

^1                     t.2 

.00601 

.oo58t 

.00564 

00550 

.00530 

■00503       ■ 

H 

.oosg.H 

.00578 

XW561 

.00548 

•00517 

.00500       ■ 

H 

.00593 

.00575 

•00559 

.00545 

.00514 

00498      H 

H 

.00590 

.00573 

00556 

.00542 

.00513 

.00495       I 

■ 

.00587 

.00569 

•00553 

.00539 

.00510 

.00493       ■ 

■              i'7 

.00584 

.00566 

•0055  « 

00536 

.00508 

.00491       ■ 

H 

.0058a 

.00563 

•00549 

•00534 

.00506 

.00489       ■ 

■          1.9 

•00579 

.00561 

•00546 

-00532 

.00503 

00487       ■ 

^H 

.00576 

.00559 

•00543 

00529 

.00501 

00485       ■ 

■ 

.00570 

.00553 

00538 

00524 

.00497 

.00480       ■ 

■ 

.00564 

.00548 

•00533 

00518 

.00493 

•00475       1 

■ 

.00559 

.00543 

00528 

.00513 

.00488 

00472       ■ 

■ 

•00554 

,00538 

•00523 

00509 

.00483 

.0046S       ■ 

■         y% 

.00547 

.00529 

00516 

00502 

.00478 

.00462       ■ 

H 

.00540 

.00534 

.00511 

00498 

.00473 

.0045S       ■ 

^^^^^^^9* 

.00530 

.00515 

.00501 

00490 

00466 

00451       ■ 

^^^^^He* 

.00520 

-00507 

.00495 

00483 

.00460 

00446       ■ 

^^^^^^^^^B^« 

•00519 

.00500 

OO4S9 

00476 

■00453 

00440       ■ 

^^^^^^^^ 

.00503 
.00498 

.0049  J 

00483 

00470 

.00450 

^>0435          ■ 

^^*       9* 

.00489 

00478 

00466 

•00445 

-00431        H 

^V 

•00493 

.00483 

.00473 

00462 

.00443 

00429        ■ 

H      *** 

.00487 

•00478 

00468 

00457 

00440 

004^        ■ 

H 
^^^ 

.0048a 

.00473 

.00463 

•00452 

•00434 

00421        H 

.00480 

•00470  J 

00460 

00450 

00432 

00420        ■ 

J 
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^>!^^ 

TABLE  No.  6  1— (Continued). 

■ 

^H     CoErnciENTS  of  Flow  («)  of  Water  in  Clean  Cast-Irom     f 

Pipes,  or  Smooth  Masonry,  under  Pressure.         ,  ■ 

^^L^^  VuocriT. 

DlAMITEXf.                                        ^1 

^H 

3slndi 

jy 

3«S" 

¥^ 

3.8^. 

^^^^1 

m.5'feeL 

»75'. 

3^. 

3-3333'- 

^H 

C^MUitmt, 

CMfficitnt, 

CMjguUnt. 

CttJicUnt. 

Co^ficiMMt, 

CotSf^fmi,             B 

^^H 

0.00510 

0.00497 

0.00476 

.... 

.... 

1 

^H 

.00507 

.00492 

.00473 

0.00436 

0.00430 

0.00400    H 

^^H 

.00504 

.00490 

.00471 

.00434 

.00418 

•00399    1 

^^1 

.00501 

.OO4S8 

.00469 

.00432 

.00416 

•00398    ■ 

^^B 

.00498 

.00485 

.00467 

.00431 

.00414 

.00397    ■ 

^^^ 

.00495 

.OO4S3 

.00464 

.00430 

.00412 

.00396    ■ 

^v 

o 

.00492 

.00480 

.00462 

.00428 

.00411 

•00395    ■ 

^^^H 

I 

.00490 

.00478 

.00459 

.00436 

.00410 

.00394    ■ 

^^^^P 

3 

.00488 

.00475 

.00457 

.00424 

.00409 

•00393    ■ 

^^^^ 

3 

.00486 

.00473 

■0045s 

.00423 

.00407 

•00393    ■ 

^H 

4 

.00484 

,00470 

.00453 

.00422 

.00406 

.00391    ■ 

^H 

5 

.00482 

.OO46S 

.0045 1 

.00431 

.00404 

.00390    H 

^H 

6 

.00480 

.00466 

.00450 

.00430 

.00403 

.00388    ■ 

^H 

7 

.00477 

.00464 

.Q0448 

.00419 

.00402 

.00387    H 

^H 

8 

.00475 

.00462 

.00446 

.00418 

.00401 

.00386    1 

^H 

9 

.00473 

.00460 

.00444 

.0041 7 

.00400 

.00385    I 

^H 

.00470 

.00458 

.00442 

,004 1 6 

.00399 

.00384    ■ 

^H 

35 

.00465 

.00453 

.00437 

.00413 

.00397 

.00383    ■ 

^H 

5 

.00460 

.00449 

.00432 

.00410 

.00394 

.00380    H 

^H 

75 

.00456 

.00444 

.00428 

.0040S 

.00391 

.00378    ■ 

■ 

.00452 

,00440 

.00424 

.00407 

.00389 

.00376    ■ 

H 

5 

.00446 

.00434 

.00419 

.00402 

.00386 

.00373    ■ 

H 

.00441 

.00430 

.00415 

.00400 

.00383 

.00370    ■ 

H 

.00436 

.00423 

.00410 

•00395 

.00381 

.00366    B 

H 

.00430 

.00418 

.00405 

-00391 

-00377 

•00363    ■ 

H 

.00427 

.00413 

.00401 

.00388 

.CO373 

.00361    ■ 

H 

.00422 

.00410 

.00398 

.00384 

.00371 

.00358    ■ 

H 

.00418 

.00407 

.00395 

.00382 

.00370 

.00355    ■ 

^H     lo. 

.00415 

.00404 

.00392 

.00380 

.00367 

•00353     ■ 

^H 

.00413 

.00400 

.00389 

.00377 

.00364 

•0035 >     ■ 

H      I4- 

.00409 

.00397 

.00386 

■00373 

•00363 

.00350    ■ 

H 

.00406 

.00395 

00383 

.00370 

.00360  , 

1 

.00347     ■ 

p 
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y 

I 

COEKFICIENTS  OF    FLOW   (m)   OF  WaTER   IN    ClEAN  CaST- 

IRON  Pipes.     1 

1 

OR  Smooth  Masonry,  under  Pressure, 

VaLPcrrv, 

DiAMsmts.                                                             I 

■ 

1 

54  inches, 
4  5  feet 

Co" 

&. 

7.c/. 

^          1 

/"ttt/rrsrctmif. 

CefJScimt, 

Cotfficient. 

C0€jieitnt. 

CMjfUifnl. 

CMffirittiL          1 

^^ 

-4 

0.00378 

0.00358 

0.00339 

0.00318 

0.00290^^^ 

^^^H 

■ 

•00377 

•00357 

.00338 

-00317 

.oosSq^^H 

^^^^^ 

■        -7 

.00376 

.00356 

•00337 

.00317 

.00288^^^1 

^^^1 

■        ^ 

•00375 

•00355 

.00336 

,00316 

.00287      1 

^^^B 

•9 

.00374 

■00354 

•00335 

.00315 

.00286      1 

^^^^p 

I.O 

-00373 

.00353 

.00334 

.00314 

.00286  J 

^^^^ 

1            ^-^ 

.00372 

.00352 

•00333 

.00313 

.oo28^^^H 

^1 

*                 1.2 

.00371 

•00351 

.00332 

.00313 

.oo285^^H 

^B 

'             1.3 

.00370 

.00350 

.00332 

.0031a 

.oo28s^H 

^^L 

1            1.4 

.00369 

.00350 

.00331 

.00312 

,oo284^^H 

^^^H 

1-5 

.00368 

.00349 

.00331 

.00311 

.00284:^^^ 

^^^H 

1.6 

.00368 

.00348 

.00330 

.003 1 1 

.00284.W 

^^^B 

'•7 

.00367 

•00347 

.00329 

.00310 

.00283 

^^^H 

1.8 

.00366 

.00347 

,00329 

.00309 

.00283 

^^^H 

X.9 

.00365 

.00346 

,00328 

.00309 

.00283. 

^^^^K 

2 

.00364 

.00346 

.00328 

.00308 

.00282 

^^^H 

2.25 

.00362 

.00344 

-00327 

.00307 

.00282 

^^^H 

2-5 

.00360 

.00342 

.00325 

.00306 

.00281 

^^^B 

2-75 

.00358 

.00341 

.00323 

.00305 

.00280 

^^^H 

3 

.00357 

•00339 

.00321 

.00302 

.00278 

^^^H 

35 

•003s 3 

.00337 

.00320 

.00300 

.00276 

^^^H 

4 

.00350 

.00333 

.00318 

.00298 

.00274 

^^^^p 

5 

.00345 

.00329 

.00313 

.00294 

,0027a 

^^^^ 

6 

.00340 

.00324 

.00310 

.00292 

.00268 

^^^^ 

I 

.00338 

.00322 

.00308 

.00289 

.00266 

^^^ft 

.00335 

.00320 

.00304 

.00286 

.00264.^^1 

^^^^B 

9 

.00332 

.00318 

.00302 

.00283 

.00262  ^^1 

^^^H 

lO 

.00331 

.00316 

.00300 

.00283 

.00261      V 

^^H 

XJ 

.00330 

■00313 

.00299 

.00280 

.00260        1 

^H 

«4 

.00329 

.00312 

.00298 

,00279 

.00259      1 

1 

1 

J 
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270.  Peculiarities  of  the  Coefficient  (w)  of  Flow.— 

In  the  tables  and  diagram  of  coefficients  {m)  of  flow  in  pipes, 

as  well  as  in  those  of  coefficienta  of  discharge  (o)  through 

orifices,  there  is  variation  in  value  with  each  variation  in 

■  velocity  of  tlie  jet.    In  the  case  of  pipes,  there  is  also  a 

^variation  with  the  variation  of  diameter  of  jet,  that  equally 

demands  attention, 
f      It  will  be  observed  in  the  tables  of  experiment  above 
quoted  that  the  coefficient  decreases  as  the  diameter  or 
hydraulic  mean  radius  incn^ases,  and  also  that  with  a 
given  diameter  the  coefficient   decreases  as    the  velocity 
increases;  thus,  with  a  given  low  velocity,  we  ma}'  trace 
the  decrease  of  the  coefficient  from  0,0128  for  a  half-inch 
pipe  to  0.0029  for  a  ninety-six  inch  pipe;  and  with  a  given 
diameter  of  one-half  inch  we  may  trace  the  decrease  of  the 
coefficient  from  0.0128  for  ,5  foot  velocity  per  second  to 
0.00622  for  14  feet  velocity  per  second,  and  witli  a  given 
diameter  of  96  inches  we  may  trace  the  decrease  of  the 
coefficient  from  0.0029  for  a  velocity  of  .6  foot  per  second  to 
0.OO259  for  a  velocity  of  14  feet  per  second. 
_^       We  liave  then  a  large  range  of  coefficients  applicable  to 
f  clean,  smooth,  and  straight  bores.    When  the  bores  are  of 
coarse  grain,  or  are  slightly  tubercidated,  the  range  is  still 
greater,  and  the  values  of  coefficients  of  the  smaller  diam- 
eters quite  sensibly  affected ;   and  if  the  bores  are  very 
rough  or  tubercuhited,  the  values  of  coefficient  for  small 
diameters  and  low  velocities  are  very  much  augmented. 

271.  Effects  of  Tubercles,— These  effects,  in  tubercu- 
lated  pipes,  as  compared  with  clean  pipes,  are  illustrated  in 
the  following  approximate  table,  which  we  have  endeavored 
to  adjust  to  a  common  velocity  of  thnn?  feet  per  second  for 
all  the  diameters.  The  data  for  veiy  foul  pipes  is  however 
scanty,  though  sufficient  to  show  that  the  coefficients  da  in 


I 
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extreme  cases  exceed  tbe  limits  given  for  the  small  diam- 
etei-s ;  and  that  couditious  from  clean  to  foul  may  occur, 
with  the  several  diameters,  that  shall  cover  the  entire  range 
ft-ora  minimum  to  maximum  coefficients,  and  calling  for  a 
careful  exercise  of  judgment  founded  upon  experience. 

TABLE     No.    62. 


Coefficients  for  Clean,  Slightly  Tubercdlated,  and  Foul  Pipes, 
OF  Given  Diameters,  and  with  a  Common  Velocity  of  3  feet 


PER 


— »•  ('=)  Sri  }'=)"?]') 


Hydrmullc 

Mean  Kadius. 
5    d 

C    ~    4 

DuuneCer. 

QMn. 

tubcmiUted. 

FouL 

FtH, 

inchrt. 

C^,  «. 

CHf.^wu 

On/.,  m. 

.0104 

.0417 

\ 

0.00753 

.0156 

.0625 

\ 

.00745 

.0208 

.0834 

I 

.00734 

0.00982 

.0312 

.1250 

«i 

.00722 

.00940 

.0364 

.1458 

'J 

,00707 

.00925 

.0417 

.1667 

2 

.00692 

.oogio 

0.01400 

.0625 

.2500 

3 

.00670 

.00862 

.01300 

.0833 

.3334 

4 

.00650 

.00825 

.01200 

.1250 

.5000 

6 

.00623 

.00772 

.01100 

.1667 

.6667 

8 

.00600 

.00733 

.00922 

.2083 

.8334 

10 

.00584 

.00706 

.00868 

.2500 

1. 0000 

12 

.00510 

.00680 

,00828 

.2917 

1.1667 

14 

.00554 

.00657 

.00792 

.3333 

1.3333 

16 

.00538 

.00636 

.00760 

•375° 

1.5000 

18 

.00523 

.00616 

.00733 

.4167 

1.6667 

20 

.00509 

.00598 

.00710 

,5000 

2.0000 

24 

.00483 

.00567 

.00664 

.56^5 

2.2500 

27 

.00468 

.00544 

.U0635 

.6250 

2.5000 

30 

.00452 

.00525 

.00604 

-6875 

2.7500 

33 

.00440 

,00507 

.00578 

•7500 

3.0000 

36 

.00424 

.00490 

■00554 

.8333 

3-3333 

40 

.00407 

.00466 

.00524 

.9167 

3.6667 

44 

.00389 

.00443 

.00500 

x.oooo 

4.0000 

48 

.00376 

.00423 

.00477 

ik 
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272.  Classificution  of  PSpeM  and  their  Mean  Co- 
efficients.— In  ordinary  calculations,  the  mean  coefficient 
for  medium  diameters  and  velocities  may  be  taken,  for  clean 
pipes,  as  .00644  ;  for  rough  or  slightly  tuberculated  pipes, 
as  .0082 ;  and  for  very  rough  or  very  foul  pipes,  as  .012. 
These  coefficients  apply  approximately  to  pipes  of  about 
five  inches  diameter,  when  the  velocities  are  about  three 
feet  per  second,  reference  being  made  to  the  diameter  of  the 
pipe  itself  when  clean. 

273.  E(|nation  of  the  Velocity  Nentralized  by  Re- 
fllstanco  to  Flow. — Having  now  developed  the  several 
values  of  OT  as  applicable  to  the  several  conditions  of  pipes, 
we  will  again  transpose  our  equation  and  remove  o,  the 
member  expressing  velocity  of  flow,  to  one  side  by  itself^ 
and  we  have  the  equation  of  velocity  of  flow : 


or 


(2.7^^)* 


or 


»   -K-T 


or 


ml 


\ 


(8) 


In  which  h  =  the  resistance  head,  in  feet. 

I  =  the  length  of  the  pij)e,  in  feet. 

d  =  the  internal  diameter  of  the  pipe,  in  feet. 

C  =  the  internal  circumference  of  the  pipe,  in  feet, 

S  =  the  sectional  area  of  the  pipe,  in  square  feet 

h" 
i  =  the  sine  of  inclination  =  -j, 

r  =  the  hydraulic  mean  radius  =  ^  =  -, 
^  =  32.2 
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274.  Equation  of  ResistAiice  Head.— By  transposi- 
tion again  we  Lave  the  equation  for  that  portion,  A",  of  the 
total  bead  H  included  in  the  slope  i : 


A"  = 


2g8 


oi 


or     7i"  =  m —  X  ;r-- 
r       2g 


w 


Let  Cr  represent  the  ratio  of  h*  to  A,  or  coefficient  of  re- 
Bistance  of  entry  of  the  jet  —  (— ,  —  l)  =  (-3  —  l)- 

275.  Equation  of  Total  HeatL— Then 


2g  '  "'29 


rl2g 


or 


and 


^=(l+.a  +  ^^)| 


«  = 


"^gH 


(1  H-  c.)  +  TO 


I 


also,  when  c  is  the  coefficient  of  discharge, 

f         1 


0  =  V2^J7  X  ]  1 


(^r) 


ao) 


(18) 


276.  Equation  of  Volume.— The  velocity  %  having 
been  ascertained,  we  have,  for  volume  of  flow  q  per  second, 


.7854^' 


«  = 2.  -        and        q  =  .7864^ ; 


*  Compare  Weisbacli'a  Mechuiica  of  Engiueeriog,  tAoslated  by  £.   & 
Ob»,  A.  H.    N.  T.,  1870.  p.  870. 
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alflo^  we  haye 


or 


or 


277*  Eqnatiou  of  Diameter. — By  transpoaitioQ  again 
for  the  value  of  dy  we  have 


€P  = 


6.303' 


(1+C,)<f +  47ftZ|^[ 


or 


d  =  .4788  {(1  +  c.)<2  +  ^nd£^^  (14)' 


In  this  last  equation  of  d,  the  assistance  of  the  table  of 
velocities  for  given  slopt'S  and  diameters  (p.  269),  and  the 
table  of  coefficients,  w,  for  given  velocities  and  diameters 
(§  269,  p.  242),  will  be  required,  since  the  unknown  quan- 
tities d  and  m  appear  in  the  equation.  The  approximate 
values  of  d  and  in  for  the  given  velocity  can  b<^*  taki»n  iroiii 
the  tables  and  inserted  in  the  right-hand  side  of  the  equa- 
tion, and  a  close  value  of  d  worked  out  for  a  first  a]>proxi- 
mation,  and  then  the  operation  reputed  for  a  closer  value 
of  d^  if  necessary. 

278.  Equations  of  v,  A,  tl,  and  </,  for  long:  pipeH.— 
When  pipes  exceed  one  thousand  diameters  in  length  the 
following  simple  formulas  may  be  used,  taking  values  of  w 
from  table  61,  page  242,  and  value  of  2g  =  64,4. 
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=  .01653 
=  .01663 


4mM 
4mlt^ 


(146) 
(14c) 


in  which  »,  A,  and  d,  are  in  feet,  and  q  in  cubic  feet  per 
second.     For  equivalent  values  of  d  in  inches  and  in  feet, 

see  table  104,  p.  604. 

279,  Many  Popular   Formulas  Incomplete. — The 

fact  that  the  majority  of  popular  fornnilas  for  flow  of  water 
in  pipes,  as  it^uallf/  quoted  in  cjclopediae  and  text-bcK)ks, 
refer  to  A'  +  k",  or  in  some  cases  to  A"  only,  and  not  to  N^ 
has  led  us  to  treat  the  subdivisions  of  H  more  minutely  in 
detail  tlian  would  otherwise  have  been  necessary. 

Serious  errors  are  liable  to  result  from  the  application 
of  such  hydrodynamic  formulae  by  x>f?r8ons  not  familiar 
with  their  origin,  especially  when  the  problem  includes  a 
high  head  of  water  and  s?iort  length  of  pipe. 

380.  Formula  of  M.  Chczy.— The  formula  of 
M.  Chezy,  proposed  a  century  ago,  and  into  which  nearly 
all  expressions  for  the  same  object,  since  introduced,  can  be 
resolved,  refers  to  h"  only,  or  h'-{-?i'\  and  not  to  H*  When 

stated  in  the  symbols  herein  used,  it  becomes  v=<  jy~  f  . 


*  Since  the  ralue  of  v  must  here  be  foand  before  A 


(-1) 


And  k*  an 


known,  h"  lias  somciimes  be«n  assumed  for  BimpHcitr.  to  be  identical  with  ff, 
bat  -.  may  give  a  very  erroneous  value  of  i  and  consequently  of  v. 


8CB-HEADS    COMPARED. 
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As  ^  is  introduced  in  place  of  2g  in  our  equation,  m'  will 


equal 


m 


I 


I      281.  Various  Popular  Formulas  Conipiired.— The 

ralue  of  treating  the  question  of  tiow  of  water  in  pipes  in 
detail  may  perhaps  best  be  illustrated  bj  computhig  the 
Telocity  of  How  fix)ni  our  pipe  P,  Fig.  35,  as  it  is  extended 
to  different  lengths,  from  5  feet  to  10,000  feet,  by  a  complete 
formula,  with  m  at  its  legitimate  value,  and  then  computing 
the  same  by  several  prominent  formulas,  in  the  form  in 
which  they  are  usually  quoted.  (See  Table  No.  63,  p.  254.) 
282.  8ub-liead8  Compared.— If  we  compute  the  total 
head,  to  which  the  velocities,  found  by  the  first  formula  of 
the  table,  are  due,  we  shall  have  the  sub-heads,  as  follows ; 
when  d  =  I  foot. 


I     Jl=l^-m^{'n^i-  =  i£lH4)-{''l$ 


L,cMcrHS  iM  Fett. 

5- 

SO' 

ICXl. 

1000, 

10,000 

V«LOcme»  IN  Ft. 

rUSKCOND. 

63.463. 

5i-itt- 

43.m. 

17.386. 

5-39»* 

1- 

62.542 

5.878 

40 . 568 

20.487 

3S.945 

28.863 

14-575 
56-571 

4.694 

2.370 

92.941 

'451 
.228 

99 ■ 330 

■  ' 

100. 0 

100. 0 

100. 0 

100.0 

100. 0 

I  It  is  here  shown  that  the  values  of  h  and  h'  cannot  be 
neglected  until  the  hmgth  of  the  pipe  exceeds  one  thousand 
diameters,  under  the  ordinary  conditions  of  public  water 
supplies. 

In  our  first  length  of  five  feet,  h  Is  about  ten  and  one- 
half  times  h'3  and  h'  is  about  five  and  one-balf  times  A'\ 
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TABLE    No-    63. 

Results  given  by  Various  Formulas  for  Flow  of  Water  in 
Smooth  Pipes,  under  Pressure,  Compared. 

Data.— To  find  the  velocity,  given :  iUad.  H  =  loo  feet ;  Diamtttr^  d—\  foot ;  and  L^ngtht^ 
/,  respect J rely  as  follows: 


AUTHORCTV. 

Equation  (ii)  . . 

Chezy 

IhiBaat  ...,. 

ProoyCa)  ...  „ 

Ejrtelwein  (a) , , 

Saint  Veimant,. 
D*  Aubuiasoo  <a) 

NeviUe  («) 

»       (*)..... 
Blnckwell 

t>*Arcr 

Lttye... 

JadooD >■' 

Hiwkaley  ...>.. 


EQtrAT10K&, 


SA.^r^ 


-.34C*^-^ 


Lufcrnis. 


feeL 


993,607 


—  (117^.95"  +  ,01*98)' —  .1309, 

^'"Itt^P 

=  55,6V«    ^,,,».. 

=  J        ^'1 u 

=  14a  (r-l')'—  II  (r/)'  .....4 


'r[' 


r  -  41.0*5 


dk 


(^h%d 


fe*t. 


51. 1" 

tod  .918 

68.5* 

70.4&> 


feet 


rcxm 
iect. 


«3'at4 

341.778 
£7..fo  I  50.00. 
346.1?!^  73.683 
91375$    1^>if4 


^'14.367 

v44,t»i 
■43.007 

M3,6o7 
6».S55 


47080 

70,710 
70.710 

4^oa4 


43.111  I7.3M 


13.663 


^>.oco 

4S^M* 


15.641 

16.97s 


40.89    tS'*»7 


feet. 
5x100 

4.770 
4-B4* 
5-^ 
4-935 


51.947  15.933:4,5^ 
48.S4S  ij.3fl«U-So« 

I      I 

47.804  15.114  ^.TBtt 


18.7^  14.7804.^80 
63.070  ift,&t7  5.507 
47^933  i5i'*0  4*Wl 
S4~^  17.579 
SO.ODO  t5.lro 
50.000  1 5.1110 
3»-?»4i4*7W 


In  whidi  C  =  contour  of  pipc^  la  feet  /  =  length  orplpe,  in  feeL 

e  =  UD  ily  for  smooth  plpCii,  and  m  =  cocfltetcnt  of  Aaw. 

b  fitduged  for  roURh  pipes.  r  =  hyd.  mean  ndt^s^  in  feet,  =  -  • 

d  ~  diam.  of  pipe,  In  feet.  .9  =:  sectional  area  of  pipe,  In  square  feel. 
H  =  entire  head,  in  feet.  i  =  laat  of  mcl»iMiion^  In  feet,  =  — • 

A"  =  resistance  head,  in  feet.  v  =  valodty  of  flow,  in  feet  per  sec. 


PH0Nn"8    ANALT8IS. 
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In  long  pipes,  sufficient  velocity  is  converted  into  prey- 

^«ure  to  reduce  somewhat  the  contraction  of  the  jot  at  its 

entrance  into  the  pipe.    In  very  long  pipes  the  effect  of  this 

contraction  becomes  insignilicant  when  compared  with  the 

effect  of  reaction  from  the  walls  of  the  pipe. 

28.*}.  DiveHtiKiitiouH  by  Du  Buat,  Colouinb,  and 
Prony.— The  investigations  of  Du  Buat  and  Coloumb  led 
thera  to  the  conclusion  that  the  velocity  of  the  tluid  occa- 
sioned a  resistance  to  flow,  in  addition  to  that  arising  from 
the  wet  perimeter  of  a  cliannel  or  pi])e,  which  is  propor- 
tional to  the  simple  velocity  ;  and  afterwards  Prony,  coin- 
ciding with  this  view,  undertook  the  investigation  of  the  two 
coefBciente  thus  introduced  into  the  formula  of  resistance  to 
flow. 

Since  their  new  co<'fficient,  /3,  applied  to  the  simple  velo- 
city and  not  to  tlie  square  of  tlie  velocity,  as  does  the  co- 
efficient 7»,  tlieir  expression,  in  our  sjTiibols,  became 


in  which 


{R-£^{ir-h)oTh'^k") 


(16) 


284.  Prony'8  AnalyHls.— Prony  analyzed  the  resultfl 
of  fiftj-one  experiments  to  determine  the  values  of  m and  P, 
including  eighteen  experiments  by  Du  Buat  with  a  tin 
pipe  of  about  one  inch  diameter  and  sixty-five  feet  long ; 
twenty-six  experiments  by  Bossut  with  pipes  of  about  one, 
one  and  one-quarter,  and  two-inch  diameters,  and  varpng 
in  length  frtmi  thirty-two  to  one  luindrod  and  ninety-two 
;  and  seven  experiments  by  Couplet.  Six  of  these  last 
experiments  were  made  with  a  five  and  one-quarter  inch 
pipe,  under  a  head  less  than  two  and  one-quarter  feet,  and 
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one  with  a  nineteen-inch  pipe  with  a  head  of  about  twelve 
and  one-half  feet. 

We  have  quoted  above  (§  269)  eight  of  the  experimente 
by  Du  Buat,  nine  of  those  by  Bossut,  and  the  full  seven 
by  Couijlct,  and  in  the  two  iirst  included  the  extremes  so 
as  to  cover  their  entire  range. 

This  was  a  limited  foundation  upon  which  to  build  a 
theory  of  the  flow  of  water  in  pipes,  nevertheless  the  attain- 
mentii  of  this  eminent  investigator  enabled  him  to  deduce 
from  the  limited  data  hypotheses  which  were  valuable  con- 
tributions to  hydrodynamic  science. 

From  these  experiments  Prony  deduced  the  values,  as 
reduced  to  English  measui-es,  m  =  .0001061473 ;  and  0  = 
.16327, 

385.  Ej-telwein's  Equation  of  Resistance  to  Flow. 
— Eytelwein,  investigating  the  question  anew,  aud  believiug^ 
the  contraction  of  the  vein  at  the  entrance  to  the  pipe  should 
not  be  overlooked,  soon  afterwaid  modified  the  equation  to 
the  form, 

E-  ^,  =  .000086434  |-  (v*  +  .2756  r),  (16) 

in  which  c'  refers  to  the  effect  of  the  contraction. 

286.  D*Aubuls8on's  Equation  of  Resistance  to 
Flow. — D'Aubuisson,  more  than  a  half-century  later,  hav- 
ing regard  more  particular!}^  to  the  experiments  of  Couplet, 
gave  to  m  and  &  values  as  follows : 

^-  —  =  .000104392  1^  (»"  +  .180449  t).  (17) 


287.  Weisbaeh^ft  Equation  of  ReslHtance  to  Flow. 

— ^Weisbach,  availing  himself  of  eleven  experiments  of  his 
own  with  high  velocities,  and  one  by  M.  Gueymard,  in  ad- 
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dition  to  the  fifty -one  above  referred  to,  propot*ed  the  fol- 
lowing formula  as  coinciding  better  with  the  results  of  Ids 
observations : 


A=(-.^il=(«---T°) 


.0171  B5\  I  f 
d2ff 


(18) 


This  coefficient  (a  +-7--)?  which  replaces  4m  in  our  sym- 
bols, is  founded  upon  the  assumption  tliat  the  resistance  of 
friction  increases  at  the  same  time  with  the  square  and  with 
the  square  root  of  the  cube  of  the  velocity, 

288.  Trcmspositioua  of  an  Original  Foiiuula, — 
That  Chezy's  formula  has  been  gi.^neralJy  accepted  as  one 
founded  upon  correct  principles,  we  readily  infer  by  its  fre- 
quent adoption,  transposition  and  modification  in  the  writ- 
ings of  many  philosophers  and  hydraulicians.  Note,  for 
instance,  the  second  formulas  (t)  of  Eytelwein  and  D'Au- 
buisson  in  the  above  table  (No.  63),  and  the  formulas  of 
Beardmore,  Blackwell,  Downing,  Hawksle}'',  Jackson,  Box, 
Storrow,  and  others,  which  may  be  resolved  into  this  orig- 
inal form. 

280.  Unintolliffent  Fse  of  Partial  Forninlas.— 
That  serious  eiTors  may  arise  from  an  unintelligent  and 
improper  use  of  these  formulas  is  conspicuously  apparent 
in  the  above  table  of  results*,  computed  upon  conditions  in 
the  very  midst  of  the  range  of  conditions  of  ordinary  muni- 
cipal water  supplies.  A  full  knowledge  of  the  origin  of  a 
formula  is  essential  for  its  safe  practical  application. 

A  solid  body  falling  fn?ely  in  a  vacuum  through  a  height 
of  100  feet,  acquires  a  rate  of  motion  of  only  about  80.3  feet 
per  second,  yet  some  of  the  formulas  appear  to  indicate  a 
velocity  of  flow  exceeding  200  feet  per  second,  throngit  five 
feet  of  pii)e,  under  100  feet  head  pressure. 
17 
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390-  A  Formula  of  uiore  General  Application. — 

Weisbacli  lias  suggested  a  more  comprehensive  form  of 
expression  which  includes  the  head  generating  the  velocity 
of  flow  and  the  head  equivalent  to  the  djmamic  force  lost  at 
the  entry  of  the  jet  into  the  pipe,  as  well  as  the  head  l)alanc- 
ing  the  resistance  to  flow  in  the  pipe,  and  therefore  his 
equation  presents  the  equality  between  tlie  total  head  N, 
and  the  sum  of  tlie  velocity  and  resistance  heads,  equal 
to  A  +  A'+  h". 

Weisbach  has  also  developed  a  portion  of  the  values 
of  m. 

301.  Value  of  v  for  Given  Slopes. — We  have  here- 
tofore insisted  that  m^  as  introduced  into  tlie  equation,  shall 
approximate  near  to  its  legitimate  value  for  the  given  condi- 
tions. Its  value  for  each  given  diameter,  or  hydraulic  mean 
radius,  r,  depends  upon  the  velocity  of  flow,  and  therefore 
upon  the  8loi>e,  s,  generating  the  velocity. 

To  aid  in  the  selection  of  m  from  the  tables  of  w, 
page  242,  we  have  plotted  the  several  velocities  as  ordinates 
with  given  sines  of  slopes,  /,  as  abscissas  for  such  experi- 
mental data  as  was  obtainable,  and  have  taken  tlie  interme- 
diate a]>proximate  values  of  v  from  tlieir  parabolic  curves 
thus  determined  from  tlie  experimental  data,  and  have 
aiTanged  the  following  table  of  v ;  which  of  course  refers  to 
the  head  A",  balanciug  the  resistance  in  the  slope  5. 


t 

1 

^ 

^^^^^^^^^^^^^^^^^^^^ 

^B 

c 

VELOaXIES 

FOB  aiY£N    SLOPES   AND   DIAMETEHS.       259 

1 

k 

TABLE    No.   64. 

■ 

^"Veuxzities, 

P,    FOR 

GIVEN  Slopes  and  Diameters. 

For  Clean  Iron  Pipes. 

t- 

^/2g/r 

/ 

I 

if\  «'  ^ =(-?)'■ 

((- 

Cr)  H-»r 

StKt  or 
Slope. 

PiAHnnx 

Su>rs, 

V  inch. 

X. 

1" 

..v 

iV' 

»" 

.0417  ft. 

-08m'. 

.»5</. 

.1458'- 

..667'. 

/-*"- 

fV<v/i>. 

VtUfity. 

Velocity, 

VriofUj. 

Vtlofitj. 

y*/0cHr. 

'       / 

/lr./«rw. 

f1./*r*0c. 

J^,j€rtfC. 

Fi,p9rtK, 

Pt,p*rfc. 

Ft.^ergec. 

t  in 

250 

.004 

I.I&4 

t   ** 

3O0 

.005 

•  ••  •  • 



i.ao6 

1.340 

1   ** 

167 

.006 



1.190 

1.360 

1.500 

1   " 

M3 

.007 



1.290 

1.453 

X.600 

I   '* 

125 

,008 

1.038 

I.39I 

1.580 

1.730 

t  ** 

III 

.009 

1.130 

I.4&O 

1.700 

1.870 

T     ** 

100 

.0x0 



1.030 

1.240 

1.600 

1.790 

1.980 

I     ** 

B3.3 

.012 

0.892 

T.140 

1.430 

1.730 

1-953 

2.219 

X    ** 

714 

.014 

cgio 

i.ajo 

1.540 

1.860 

a.  1 30 

2.360 

I    ** 

6a.5 

.016 

0.990 

1.340 

1.640 

3.01 0 

3.320 

3.500 

T     ** 

55.6 

.018 

1.050 

1.450 

1.760 

2.100 

2.350 

2.630 

Z     " 

50.0 

.02 

1. 100 

1. 518 

I.813 

3.2-6 

3.530 

2.800        ^m 

I     " 

33.3 

.03 

1.440 

1.920 

3.280 

3.810 

3.100 

3.390           ^H 

■     " 

35.0 

,04 

1.765 

3.298 

2.730 

3.367 

3.694 

4.003              ^H 

V    '* 

3UlO 

.05 

3.040 

3.600 

3.050 

3.730 

4.S80 

5.030              ^H 

X    " 

16.6 

.06 

2.310 

2.850 

3400 

4.110 

4.690 

5-500         ^m 

—     « 

«4-3 

.07 

3.490 

3.100 

3.640 

4.420 

5.020 

5.900             ^H 

I    ** 

12.5 

.08 

3.680 

3.300 

3.920 

4- 730 

5.360 

6.300         ^m 

I    " 

II. z 

.09 

2.850 

3.540 

4.180 

5.045 

5.630 

6.610             1 

K    ** 

10.0 

.10 

3.040 

3.730 

4.437 

5.480 

6.009 

6.979             ^ 

—    u 

8.33 

.13 

3.320 

4.180 

4.900 

6.030 

6.650 

7.490 

X    " 

7.14 

.14 

3.460 

4.500  1    5.290 

6.535 

7.190 

8.010 

s    '* 

6.25 

.16 

3.840 

4.825   1    5.640 

7.010 

7.700 

8.500 

z    '* 

5.55 

.18 

4.090 

5.108       5.998 

7.500 

8.231 

8.960 

X    ** 

5.00 

.20 

4.310 

5.400       6.330 

7.880 

8.690 

9.380 

t    ** 

4.00 

-as 

4.830 

6.100       7.135 

8.770 

9.690 

10.430 

X    " 

3.33 

.30 

5-359 

6.730  1    7.903 

9.650 

10.620 

I 1.380 

f    ** 

«.50 

.40 

6.X60 

7.790  1    9.130 

11.325 

13.280 

13.980 

I    ** 

S.00 

.50 

7.070 

8.818      10.339 

12.600 

z    ** 

1.66 

.60 

7.800 

9.790 

n.570 



1.43 

.70 

8.470 

to.  760 

12.710 

.  .*. . 

z    *' 

1.25 

.80 

9.140 

11.720 



z    ** 

I. IX 

.90 

9.800 

13.600 



z    *' 

I.OO 

I 

lasgo 

d 

^0 
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TABLE     No.    64  — (Continued). 

VkLOCITIES,    V,    FOR   GIVEN    SLOPES   AND    DlAMETERS, 


For  Clean  Iron  Pipes. 

Slum  ow 
Stxtra. 

DiAMmss. 

Siora. 

jbich 

4" 

e* 

y 

wW 

w" 

.■soft 

•3333'- 

y 

Mf. 

.tjjy. 

l.*/. 

i-^. 

yfUcif, 

f.     VtiMity. 

l^tUcity. 

VMhcity. 

VoUciiy. 

VtUciiy, 

'-   I  ' 

Fl.ptrt 

w.  Ft.ptrnt. 

Fi.p*rtt€, 

FLptrmc 

Pt.^f»*C. 

Ft.p*rM0c, 

in  iiii 

.0009 

•  > . 

.... 

.... 

.... 



1.540 

'•    lOOO 

.0010 

. .  *  * 

.  ■  ■ . 

.... 

.... 

1. 610 

••  i^ 

.0011 

.... 

•  •  *  • 

■  >  •  • 

.... 

[.680 

.0012 

.  • . 

•  • .  • 

.... 

.... 

1. 6 10 

1.785 

'•   769 

.0013 

*  <  • 

. .  •  ■ 

.... 

.  •  >  • 

1.693 

1.880 

'  714 

.0014 

•  •  • 

» .  •  . 

■  >. . 

• . .  ■ 

1.760 

1.940 

"  667 

.0015 

.... 

.... 

.... 

1.840 

3.010 

"     625 

.0016 

•  •  • 

.... 

•  *. . 

1.640 

1.920 

2.080 

'•     588 

.0017 

.... 

...  • 

1.680 

1.990 

3.148 

"      556 

/»i8 

>  • . 

•  *  • « 

1.750 

2.035 

3.300 

"      536 

.0019 

. . .  • 

.... 

i.Soo 

2.125 

2270 

"      500 

.0020 

•  •  • 

* . . . 

I.515 

1.830 

3.190 

2325 

"     455 

.0022 

.  • . 

.... 

1.600 

1.930 

2.320 

3470 

"      417 

.0024 

. . . 

.... 

i.6fto 

2.015 

2430 

3680 

"      335 

.0036 

•  ■  • 

I.415 

1.760 

2. 1 10 

3.525 

2.695 

"      357 

.0038 

. . . 

1.480 

1.830 

3.220 

3.610 

2.8tO 

..      333 

.0030 

I.2& 

\           1.530 

1.930 

3.315 

a.695 

a.935 

*     236 

.0035 

M" 

>         i.63o 

3.100 

3.510 

3,910 

3.140 

"      250 

.004 

I  52! 

>         1.790 

3.260 

3.690 

3.085 

3390 

"      200 

.005 

I.7K 

1         3.030 

2.525 

2.993 

3420 

3845 

•■      167 

.006 

1.86; 

\         2.204 

2.790 

3315 

3-775 

4.315 

*'      143 

.007 

3.oa( 

>         3.460 

3.000 

3.615 

4.075 

4585 

■'      125 

.008 

2.l6( 

>         2.670 

3.21s 

3.850 

4-370 

4.9tO 

"       Ml 

.009 

2.28< 

>         2.820 

3-425 

4.080 

4.610 

5.185 

"       100 

.010 

3.43< 

>         a.960 

3.670 

4.285 

4.880 

5  4«o 

"         S3.3 

.012 

2.67 

>         3-230 

3.99a 

4.710 

5-375 

6o9o 

"          71.4 

jot4 

3.S8( 

>         3.480 

4.370 

5105 

5.8S5 

6485 

'■         63.5 

.016 

3.07< 

>         3.710 

4-6<J5 

5490 

6325 

6.980 

E    "        55.6 

.018 

324* 

>         391 

4.965 

5.825 

6.745 

7  435 

"       50.0 

.02 

3-49* 

J         4.134 

5.206 

6.175 

7.070 

7.943 

[    •*       33-3 

.03 

4  24< 

)         5.160 

6.430 

7.640 

8.730 

97»5 

t    "       25.0 

.04 

5.03( 

J        6.rio 

7.560 

Q.010 

I0.300 

II.3S0 

30.O 

.05 

5.67^ 

»        6.S25 

8.479 

10.062 

13.293 

12.689 

[    «         16.6 

.06 

6.31 

5        7324 

9.838 

11.020 

.... 

I    "         14.3 

.07 

6,78' 

J        7.985 

10.063 

S2.O30 

.... 

.... 

t    "          12.5 

.08 

7-25< 

>        8604 

10920 

.... 

.... 

I   "       M.r 

.09 

7.77 

;      9.125 

11.583 

.... 

.... 

.... 

r   "       10.0 

.10 

8.23I 

J      9703 

13.209 

.... 

.... 

.... 

I  "        8.33 

.12 

9.04 

\     10625 

.... 

.... 

.... 

I   "         M4 

.14 

9-77 

J     11.531 

.... 

.... 

■  •  •  ■ 

.... 

r  -        6.25 

.16 

1045 

5     ".383 

.... 

•  *.. 

.... 

I  ••        5.55 

.18 

X1.07 

t      ■  *•  t 

• . .  > 

.... 

•  •  >  ■ 

.... 

\  "        5.00 

.20 

11.88. 

(      .... 

. .  •  ■ 

.  ..  • 

•  ■.  . 

.... 

\  *•        4.00 

.a5 

13.28* 

^      .... 

.... 

.... 

•  ..> 

.... 

\  -        3.33 

.30 

.... 

.... 

.... 

.... 

^Lj^ 

^ 

FLOW  OF  WATER 

THROUGH  PIPES. 

4 

TABLE    No.    64  — (Continued.) 

1 

VELoariES,  Vy  for  Give^ 

Slopes  and  Duueters.            J 

For  Clcak  Iron  Pipes. 

^ 

^^^^L^^          Storm, 

SrwB  OF 
Sujpm. 

■.5  feet. 

"1, 
•-75' 

^ 

J-S333'- 

2^^ 

s. 

/-*" 

l^gUcity. 

ytUcity. 

V$Ucity. 

Vthcity, 

Vattcity, 

V*UcUy, 

'-    / 

Ft.fernc, 

Ft.^ttc, 

Ft.ptratc. 

Ft.ptrmc. 

Ft,ptrat€ 

Ft.p<rut^ 

^^H            I  la 

sooo 

.0003 

.... 

.... 

1.457 

1.590 

1.719 

\     1.839      , 

^^^^^^B 

3333 

.0003 

1.586 

Z.681 

1.797 

1.948 

3.104 

1      2. 320 

^^^^^H 

a^oo 

.0004 

1.831 

1.96a 

a. 060 

a.a55 

a.4ao 

3.630- 

^^^^^^H                I 

.0005 

S.O85 

».175 

2.313 

2.530 

a -735 

«-W5 

^^^^^^B 

1667 

.0006 

8.235 

a.355 

3.550 

a.Hoo 

3.980 

3.aoo 

^^^^^^P 

1438 

.0007 

a.jas 

a. 550 

3.796 

3.010 

3.365 

3-475 

^^^^^H 

1350 

.0008 

a. 617 

a-755 

a.  950 

3.335 

3.510 

3- 725 

^^^^B 

nil 

.0009  ;    a. 745 

a. 960 

3.155 

3415 

3.695 

3.9(H 

^^^^^1 

1000 

.DOIO          3.895 

3.156 

3.320 

3.605 

4-olo 

4.150 

^^^^^^^B 

909 

.0011       3-065 

3.390 

3.535 

3.810 

4.375 

^^^^^^L 

833 

.ooia  1    3.230 

3.415 

3.695 

3.975 

4-a6o 

4-565 

^^^^^^B 

769 

.0013 

3.355       3585 

3.848 

4.150 

4.430 

4.780^ 

^^^^^^B                 >   m 

714 

.0014 

3.500       3-703 

3-995 

4.305 

4.625 

4-936 

^^^^^^B 

667 

.00x5 

3.655 

3.875 

4.130 

4.490 

4.795 

5-130 

^^^^^H 

^i 

,0016 

3.785 

4-0OO 

4-a85 

4.645       4.970 

5.295 

^^^^^B 

58S 

.0017 

3-9»5 

4.iao 

4.445 

4.800       5. 119 

5.450- 

^^^^^^H              t  "* 

5S6 

.0018 

4.006 

4-a45 

4-595 

4  935   1     5.255 

5.630 

^^^^^^B                f  ** 

$a6 

.0019 

4.140 

4.400 

4-725 

5.075 

5.400 

5. 790 

^^^^^1 

Soo 

,ooao      4-2J5 

4.535 

4.8S0 

5.180 

5.575 

5  934 

^^^^^1 

455 

.ooaa 

4-445 

4-759 

5. 115 

5-515 

5.845 

6.330 

^^^^^B 

417 

.0084 

4.650 

5.000 

5.340 

5.785 

6.095 

6,500 

^^^^^^B             • 

385 

4.875 

5-a3o 

5.575 

6.035 

6-335 

6.780 

^^^^^B 

357 

.OQS& 

5.065 

5.435 

5.780 

6.307 

6.590 

7.040 

^^^^^B 

333 

.0030 

5.370 

5.660 

5.981 

6.455 

6.850 

7  300 

^^^^^B 

s86 

•OOJS 

5.695 

6.090 

6.500 

7.000 

70»5 

7.990 

^^^^^B 

250 

.004 

6.060 

6.493 

6.907 

7.495 

1:^5 

8.4*5 

^^^^^^B 

900 

.005 

6.835 

7.360 

7.765 

8-375 

9-497 

^^^^^B 

157 

.oq6 

7.4Q5 

7.980 

8.480 

9.305 

9.784 

10.415 

^^^^^B 

143 

.007 

8.0S0 

8.645 

9.230 

9.93s 

10.585 

11.307 

^^^^^B 

xas 

.006 

8.635 

9^45 

9.875 

10.610 

11.360 

ia.250 

^^^^^B 

III 

.009 

9.ai5 

9. Soo 

10.515 

11.230 

13.150 

•  •  • 

^^^^^^B 

100 

.oto 

9.790 

10.3T5 

tl.IOO 

11.919 

« ••  • 

....    1 

^^^^^B 

B3.3 

.019 

10.7A0 

XT. 449 

11.790 

.... 

••»* 

•  •  ••       B 

^^^^^^B 

7I-* 

.014 

".745 

ia.450 

■  .  ■  . 

■  •  •  • 

-.., 

1 

J 

VALCGS   C^   A   AXD   A     FOB   UITEN    \*EL0CXT1£S.         X^ 


TABLE    No.    64— (Continued). 

Veukhties,  r,  roR  Gcvex  Sijopes  and  Dujietebs. 
For  Clran   Iron   Pipes. 


■           s. 

Sbebov 

DuumvB. 

^^R                  Slp**- 

I 

&M«. 

6i^ 

J?. 

^. 

C. 

■ 

.-=^ 

i'WWirr. 

y^imdSr- 

P'tUntr. 

k-fJfciJy. 

I'fUtHy. 

■ 

/ 

'  n,/€wmc. 

/L/f^Mr. 

rt.f^s^ 

/Jl /*»■««■- 

A./r«^«r. 

^        X  In 

lOOOO 

.OOOf 

1.381 

1. 516 

I.C6I 

1.906 

2.144 

X     ** 

5000 

.000a 

I  993 

»  9*5 

a-039 

a.719 

3033 

X 

3333 

.0003 

a.  423 

3.653 

a. 919 

3.279 

3-749 

M    " 

2500 

.CO04 

2.B37 

3 -007 

3.395 

3-779 

4  352 

K     - 

aooo 

.0005 

3.158 

3  441 

3-870 

4.239 

4880 

z    •* 

1667 

.0006 

3-490 

3.785 

4.300 

4.600 

5-3*0 

w      ta 

1428 

.0007 

3785 

4.X00 

4.670 

4-990 

5.780 

X       '* 

1250 

.oan» 

4.000 

4-395 

4.950 

5.400 

6.185 

M      *' 

nil 

.0009 

4' 235 

4.6S5 

5.360 

5.730 

6.600 

* 

lODO 

.ooto 

4.550 

4  939 

5.580 

6.  no 

6.979 

«      - 

909 

.0011 

4.760 

5.215 

5.870 

6.583 

7.285 

^      '     I 

«33 

.0013 

4.975 

5  465 

6.I30 

6.880 

7.600 

B  ^ 

769 

.00x3 

5.19P 

5.6«o 

6.340 

7.150 

7.9«5 

V  ' 

714 

.0014 

5.400 

5  935 

6.630 

7.475 

8.250 

^^  «  *• 

667 

.0015 

5.639 

6.095 

6.859 

7.701 

8.510 

'  - 

695 

.0016 

5.315 

6.300 

7.080 

8.000 

8.61S 

^  '  " 

588 

.0017 

5.995 

6.500 

7.300 

8.315 

Q.IOO 

B  ' 

5S6 

.ooiS 

6.140 

6.6ds 

7-500 

8.49" 

9.360 

~  » 

596 

.00x9 

6.300 

6.865 

7.700 

8.735 

9.580 

1       ir.                          _             al 

500 

.0030 

6.52S 

7.071 

7.965 

9.049 

9.875 

W         M 

455 

.ooaa 

6.840 

7-435 

8.330 

9.480 

XO.4OO 

E       ** 

417 

.0004 

7-135 

7-770 

8.715 

9.880 

Itf.890 

I       *' 

385 

.0026 

7-445 

S.060 

9.060 

10.375 

11.340 

^    I   •• 

357 

.oasA 

7-740 

8.380 

9.450 

X0.61X 

IX. 780 

■    '   " 

333 

.0030 

8.060 

8.680 

9.828 

XI. 000 

12.175 

■    i 

2B6 

-0055 

8.735 

9  370 

10.615 

12.550 

H  * 

250 

.o<H 

9.300 

10.060 

11.344 

.... 

i .. . 

H  '  " 

2I>0 

.005 

10.425 

n.304 

12.680 

.... 

.... 

H  :  " 

167 

.006 

11.470 

13.440 

.... 

.... 

.... 

m~~!~" 

143 

.007 

12.450 

*  • « ( 

.... 

.... 

.... 

%9t2.  ViUues  of  h  and  h'  for  Given  Yelocities.— 

^^  Table  65  are  given  the  values  of  A  and  h'  for  given 
velocities,  which  are  to  he  subtracted  from  H  to  compute 
^ue  height  of  the  slope  generating  the  velocity  v. 

The  velocity  being  known  approximately,  its  correspond- 
I  i^  m  for  any  given  diameter  may  be  taken  from  the  table 
H     0!  uij  page  242,  and  inserted  in  the  formula : 


864 

■ 

FLOW    OF    WATER    THROUGH    PIPES- 
TABLE     No.     65. 

1 

Tables 

OF    A 

AND    h'  DUE   TO  GlVE>r   VELOCITIES,   h  AND 
IN    FEET  AND   V  IN   FEET  PER  SECOND. 

''■^ 

Velocity. 

k 

k' 

*  +  *' 

Velocity. 

k 

A' 

A  +  4'        ,j 

.80 

.010 

.0050 

.0150 

4-47 

.31 

.'565 

.4665 

.98 

.015 

■0075 

.0225 

4-54 

•32 

.1616 

.4816        ' 

1.13 

.020 

.0101 

.0301 

4.61 

.33 

.z666 

.4966 

1.37 

.025 

,0136 

.0376 

4.68 

•34 

.1717 

.51x7 

1.39 

.030 

.0151 

.0451 

4.75 

.35 

.1767 

.5267 

1.50 

■035 

.0177 

.0527 

4.81 

.36 

.1816 

•54 '8 

X.60 

.040 

.0203 

.0603 

4.87 

•37 

.1868 

.5568 

1.70 

.045 

.0227 

.0677 

4.94 

08 

.1919 

.57»9 

1.79 

.050 

.0253 

.0753 

5.01 

■39 

.1969 

.5369 

1.88 

.055 

.0278 

.0838 

5-07 

-40 

.ao20 

.6060 

X.97 

.060 

.0303 

.0903 

5.14 

41 

.3070 

-6170 

a^ 

.06s 

.0328 

.0973 

S.20 

43 

.2131 

.632X 

2.ta 

.070 

.0353 

.1053 

5-36 

43 

.3173 

-6473 

X30 

.075 

.0379 

.1x29 

5-33 

44 

.3323 

.6633 

*-*7 

.080 

.0404 

.1304 

5.38 

45 

.2272 

.6772 

^^              3.34 

^5 

.0439 

.1279 

5-44 

.46 

.2323 

.6933 

^^m         341 

.090 

.0454 

■'354 

5-50 

47 

.3373 

.7073 

^^M         3^7 

^5 

.0480 

.1430 

5.56 

48 

.3424 

-7224 

^^1 

.100 

,0505 

.'505 

5.63 

49 

.2474 

.7374 

^^M 

-los 

.0530 

.1580 

5-67 

.50 

.2525 

•7525 

^^K 

.110 

.0555 

.1655 

5.73 

•51 

-3575 

.7675 

^^1 

.115 

.0580 

.'730 

5-79 

•53 

.2626 

.7826 

^H         3.78 

.130 

.0606 

.1806 

5.85 

•53 

.2676 

-7976 

^H 

."5 

.0631 

.i88x 

590 

•54 

.3727 

.8127 

^H 

.130 

.0656 

.1956 

S-95 

55 

•2777 

.8277 

^^H 

.13s 

.0673 

.3023 

6.00 

.56 

.2828 

.8428 

^^H          5^ 

.140 

.0707 

.2x07 

6.06 

•57 

.2878 

.8578 

^^m         ^5 

.145 

.0732 

.2182 

6.11 

■58 

.2929 

.8729 

^^B             3-II 

150 

-0757 

.2257 

6.17 

•59 

.2979 

.8879 

^H             5.16 

•'55 

.0772 

.2322 

6.33 

.60 

.3030 

.9030 

^^M 

.160 

.0808 

.2408 

6.38 

.61 

.3060 

.9180 

^H 

.<65 

.0833 

.2483 

6.33 

.63 

.313' 

•933' 

^^H 

.170 

.0858 

.2558 

6.37 

.63 

-3i8x 

.9481 

^H 

-'75 

.0883 

.3633 

6.4a 

.64 

.3233 

.9633 

^H 

a8o 

.O9OQ 

.2709 

647 

.65 

.328a 

.9783 

^^l               345 

.'85 

.0934 

.2784 

6.5a 

.66 

.3333 

•9933 

^^l 

.190 

.0959 

.2859 

6.57 

.67 

•3383 

1.0083 

^^l 

J95 

.0984 

.3934 

6.61 

.68 

•3434 

X.0434 

^^H 

.aoo 

.loto 

.3010 

6.66 

•69 

.3484 

1.0384 

^H 

.ai 

.1060 

.3x60 

6.71 

.70 

•3535 

X.0535 

^H 

.23 

.1111 

33" 

6,76 

.7' 

•3585 

1.0685 

^H 

.33 

.ii6x 

.3461 

6.81 

.73 

.3636 

1.0836 

^^l 

.24 

.13X3 

.3613 

6.86 

.73 

.3686 

1.00S6 
I- "37 

^^m        4-ot 

.25 

.1363 

.3763 

6.91 

.74 

.3737 

^H        4^ 

.36 

.13X3 

.39'3 

6.95 

•75 

.3787 

I.X3S7 

^^H             4-t7 

.37 

.'363 

.4063 

6.99 

.76 

-3838 

I. 1438 

^^l             4^35 

.28 

.1414 

.4214 

7,04 

•77 

.388S 

1.15S8 

^^H 

.29 

.1464 

.4364 

7.09 

.78 

.3939 

I. 1739 

^^1              439 

.£-J = 

.30 

.1515 

.45 '5 

r 

TABLES    OF 

A    A2iD 

A'. 

■ 

965        ^M 

TABLE 

No.    65— (Continued). 

1 

Tables 

OF  A  AKD    4*   DUE  TO  GiVEV    VELOCITIES, 

A  AND 

BEING            ^^M 

A 

IN   FEET  AKD  V  IN 

FEET  PER   SECOND. 

^M 

I      fdodljr. 

4 

4' 

A*Jk* 

Velocity 

A 

A' 

k-k-A'                   ^^1 

■        7t3 

•79 

.3989 

1 
Z.1B89  1 

33.34 

';" 

3-9M 

11.664           ^^B 

■ 

.80 

.4040 

1.3040 

33.70 

8 

4.040 

X2.040           ^^H 

■ 

.81 

.4090 

X.3190 

23.05 

8.35 

4.166 

12.666           ^^1 

^B        7-36 

.S3 

.4141 

1.3341 

33.40 

8.50 

4.393 

^^H 

■ 

.83 

.4191 

1.3491 

33.74 

8.75 

4  419 

13-169            ^^H 

H      7->5 

.^4 

.4243 

1.3643 

34.07 

9 

4-545 

13  545              ^H 

■        7-4D 

•*l 

.4292 

1.3793 

34.41 

9.35 

4-671 

13.931              ^^1 

^H     7*44 

.86 

•4343 

1.3943 

24. 73 

9.50 

4.797 

^H 

^V     ?*48 

.87 

.4393 

1.3093 

35.06 

9.75 

4.934 

^^H 

■      7.55 

.88 

•4444 

1.3244 

35.38 

10 

5.050 

1 5                ^^H 

^H 

.89 

.44^ 

1.3394 

35.69 

10.35 

5.176 

15.426        ^^m 

^H     7*^ 

.90 

•4545 

1.3545 

26.00 

10.50 

5.302 

15.803            ^^H 

^H   7.65 

•9« 

•4595 

1.3695 

26.32 

10.75 

5-492 

16.343          '^^H 

■   7.r> 

.ga 

.4646 

1.3S46 

36.63 

11 

5-555 

^^1 

^H    7-74 

•93 

-4696 

I  3996 

26.91 

M.2S 

5.681 

^^H 

^H    T.^t 

-V 

•4747 

I. 4147 

27.21 

n.50 

5.807 

17-307           ^H 

H  7.Ca 

•95 

.4797 

1.4397 

27.51 

11.75 

5.934 

^H 

!P^  x-« 

-96 

.4&4B 

1.444S 

27.8 

13 

6.060 

18.060           ^^M 

r-^ 

-97 

.4898 

1.4598 

38.4 

13.5 

6.186 

^H 

i-?! 

-9B 

-4949 

1-4749  , 

38.9 

13 

6.565 

19-565         ^H 

J-^ 

•99 

•4999 

1.4899 

29.5 

13.5 

6.817 

^H 

;-«s 

I 

•505 

1.505     , 

30.0 

14 

7.070 

31.070             ^^H 

s.g; 

i.»5 

.631 

1. 881 

30.5 

X4.5 

7.322 

^^H 

»-«! 

1.50 

.757 

3.357     ' 

31.1 

15 

7-575 

^H 

^»,Co 

».75 

-884 

a. 634 

31.6 

15-5 

7.827 

^H 

■  r*^ 

t 

X.OIO 

3.010 

33.1 

16 

8.080 

34.080            ^^H 

Hi-? 

».25 

1. 136 

3-386 

33.6 

16.5 

8.33a 

34-832            ^^1 

■  !-^ 

1.50 

1.36a 

3.863 

33-1 

17 

8.585 

35*585            ^^1 

■»*^ 

».75 

1.389 

4.139 

33.6 

^Z-s 

8.837 

36.337          ^^H 

■  ^-'^ 

3 

1.515 

4.5J5 

340 

18 

9.090 

37.090         ^^m 

■  iJ*-^ 

3.»3 

1.641 

4.891 

34-5 

18.5 

9-343 

37-843        ^^m 

■ « "^ 

3.90 

1.7^ 

5.267 

35.0 

»9 

9.595 

^H 

3-75 

I.«W 

5.644 

35.4 

19.5 

9.847 

39-347         ^^H 

4 

3.oao 

6.030 

35.9 

20 

10. too 

30. 100            ^^^H 

4»5 

3.146 

6.396 

36.fi 

31 

10.353 

^^1 

H  S"*** 

4.SO 

8.37* 

6.772 

37-6 

23 

It.  1 10 

^^m 

i  t-^ 

4.75 

a399 

7. 149 

38.5 

33 

11.615 

34-615             ^^1 

5 

3.5*5 

7.535 

39.3 

M 

I3.I30 

36.130            ^^^H 

5*5 

3.651 

7-90"     1 

40.1 

as 

12.635 

37  635              ^^1 

^•9> 

».777 

8.277 

40.9 

36 

13.130 

^H 

1    5.75 

3.904 

8.654 

41-7 

27 

13.635 

^^1 

^-^ 

1    6 

3.030 

9.030 

43.5 

38 

14.140 

^^H 

».c4 

6.^5 

3  156 

9.406 

43.3 

39 

14.645 

43-645          ^^H 

».^ 

6.50 

S.a«a 

9.783 

43-9 

30 

15.150 

^H 

6.75 

3409 

10.159 

47-4 

35 

17.67s 

^^m 

Ji.aj 

7 

3' 535 

10.535 

50.7 

40 

30.300 

60.900            ^^H 

tt-61 

7.«5 

5.661 

10.911 

53.8 

45 

32.735 

67.7<5               ^H 

H        "-^ 

7.90 

3.7*7 

11.387 

56.7 

50 

35.350 

^^H 

L 

^ 

* 

^ 
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293,  ChiMsmed  Equations  for  Velocity,  Head^ 
Voliuiie,  mid  Diiuueter. — The  coefficients  of  flow  for  the 
given  slopes  and  diameters  being  determined,  they,  with 
the  coefficients  of  resistance  of  entry  for  different  forms  of 
entrance,  may  be  introduced  into  the  classified  equations 
for  velocity,  and  their  resolutions  for  head,  volume,  and 
diameter  completed ;  when  the  equations  will  become,* 


^=i 


2gH 
1.054 -fw 

2gff     u 

1.505  +  m-J 


-1* 

I  f    for  pipes  wUh  wcH-rouodw)  entraac«».         (d) 


for  pipes  with  *quAre«lged  flush  eatnLOoea.(^} 


2gH 


E= 


J  /  I     for  pipes  with  square-edged  eotnmcei  pro-  /  <,\ 

I  1.956  + W-  [  Jecting  into  the  reservoir.  W 

/1.064  +  w-)^ 
(l.506 


rf2g 


(1.956 -H  7/.?)"' 


2  = 


6.303 
6.303 
6.303 


!r 


r'ig 


d  = 


—1' 
064«f  +  4m.l  ( 

l.BOSd  +  4jnl  \ 

1 1.956£?  +  4wiZ  j 

.4788h.054d  +  4mZ^P 

.4788  1 1.605(?  +  4?»7-^[^ 

Aim  h.956d  +  4ml  ^i^ 


(19) 


(a) 
(c) 


(20) 


(o) 

(&) 


■  (21) 


(a) 

(&)    1-  (82) 

(c) 


•   Vide  formulas  for  q  and  ti  Id  §  486,  fx  490. 
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294.  Coefilcieuts  of  Eiitruiice  of  Jet. — Other  values 
of  r^  for  other  conditions  of  pipe  entrance,  or  otlier  roef- 
ticieate  of  velocity  o,,  may  be  taken  from,  or  interpolated 
in  the  following  table,  computed  from  the  formulas, 


«^  =  ^-i; 


and        c.  =  (^^f. 


TABLE     No.    06. 
Values  of  c,  and  c  tor  Tubes. 


'.«*.. 

-^ 

•974 

.930 

•9>S 

.900 

^75 

JijB 

^S 

.8.5 

.800 

.7JO 

.7>J 

■TOO 

«. 

.aft 

•054 

.S09 

..69 

••35 

.3°6 

383 

^«9 

•50s 

sfij 

.77« 

-956 

■XH> 

ifr^. 

IrfHf 

LOM 

I.I09 

i.l«9 

i.»SS 

i.y>6 

..36, 

1-460 

I.S05 

1.563 

».7Tt 

1.956 

a«4l 

r 


295.  3Iean  CoefficientH  for  Smooth,  Koii^h,  and 
Pool  PipcM.— lu  ordinary  approximate  calculations  for 
'^^ug  pipjes,  it  is  often  convenient  to  select  a  mean  coeftioient 
for  medium  diameters  and  velocities,  and  insert  it  in  a  fun- 
*tamentAl  formula  as  a  constiint.  In  such  case  we  may 
^Ipct,  say,  for  clean  and  smooth  iron  pipes,  .00044 ;  for 
^"ugh  or  slightly  tuberculated  pipes,  .0082  ;  and  for  very 
^ugh  or  very  foul  pipes,  .012. 

TliGse  coefficients  are  applicable  more  particularly  (wii- 
^esa  table  No.  81)  to  pip^s  of  about  five  inches  diameter 
^tli  a  velocity  of  flow  of  about  tln^x*  fwt  per  second,  and 
to  lengths  exceeding  one  thousand  diameters. 


h"      d)k 


we  have 


S^-\/'^'=WxixTxn 


{2g  ^h-'dn^ 


FLOW  OP  WATER  THBOUUH  PIPES. 


We  may  now  unite  the  constant  2g  =  64,4  and  our 
assumed  constant  coefHcieutij,  and  substitute  their  algebraic 
equivalents  in  the  equations : 


(a) 


2g  _    64.4 
4m  ~  .02576 


2500. 


(*)---'S  =  :?3A  =  ^^^'^^^' 


(p) 


2y  _  64^ 
4m  "  .048 


1341.6666. 


The  equations  will  in  this  case  become 


t=        < 


|2600^^[*=       60  j^'}^  ford^plp«. 

\^a{K^A^AR^^'^i^       aa  oi  j^^'^U  for  ellghUy  tuber-     ,,, 
-j  1963.4146  ^^  j-   =  44-31  XIT)         calated  pipes,        W 


1341.6666 


h'dn 
I 


[*=  36.63  I  ->-  V  forverj-  foiJ  idpes.     (c) 


296.  Mean  Equation  r  for  Smooth,  Kouffh,  and 
Foul  PipcH. — Prom  these  expressions  of  telocity,  in  long, 
full  ])ipes,  the  equations  for  head^  lengthy  and  diameter 
may  be  deduced,  thus : 


I 


r= 


50  •!  —J—  f     for  dean  pipes  .  •  (ct) 

44.31  I  *^  P    for  Blighaj-  rough  pipea.        (ft) 

.63  ]  —J-  f     for  veiy  rough  pipes  •  (c) 

(«) 

.  .         .         .         (&) 

{P) 


36 

.0004 


(23) 


d 


.000508    -J 
.000746    ^ 


(24) 


MEAN   OOEFFICIENTa 


1  = 


d=   i 


2500 

1963.4146 

1341.6666 

.0004 

.000508 

.000745 


dh" 

v> 

dh" 

dh" 


h"  ■ 
h"  ' 
A"   • 


(a) 
(») 

(a) 

(ft) 
(c) 


-  (25) 


(26) 


In  which,  »  =  velocity  of  flow,  in  feet,  per  second ; 

h"  =  head  in  slope,  or  mean  gradient,  in  feet ; 

I   =  length  of  pipe,  in  feet ; 

d   =  internal  diameter  of  pipe,  in  feet 

It  is  sometimes  convenient  to  express  the  volume  of  flow 
per  second  in  a  term  of  quantity,  q,  rather  than  in  a  term  of 

velocity. 

Since  v=  ^'  therefore, 

g=^  =  60^]^[*  =  39.27  |*^P 

The  equations,  in  terms  of  quantity  (q),  in  cubic  feet  per 
second,  will  then  take  the  following  forms : 


?  = 


39.27 

j  — J—   •    for  clean  pipes  , 

(«) 

34.80 

■    — =—  >    for  slightly  loogh  pipes 

(ft) 

28.77 

— —       for  Tery  rough  pipes    . 

(.0) 

(27) 
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L 

.0006484      ^^          ....        (a) 

^H 

.0()0S257      ^          ....        (6) 
.001208        %          •        ■                 ■        (<^) 

.00064845    *-^       .        .        .        .        (a)  ' 

■  (28) 

^^^  i^ 

.0008257      *"f       ....        (ft) 
.001208        ^^       .        .        .        .        (c) 

.23034        ]|^('       ....         (a)  ^ 

•  (29) 

^^r  d= 

.24174        jy['       •        •        •        •         (*) 
.2600          )t^'[*      •        •        •        •        («>) 

(30) 

^^^V           In  whicli,  q   =  volume  of  flow,  in  cubic  feet  per  second  ; 

^^^^^L                     k"  =  bearl  in  slope,  or  mean  gradient,  in  feet ; 

^^^^^                      I    =  length  of  pii)e,  in  feet ; 

d  —  internal  diameter  of  pipe,  in  feet 

297.  Modifleation  of  a  Fondomental   Equation 

of  Velocity.— The  following  expressions  for  velocity,  con- 

taining the  assvmeil  constant  coefficient  of  flow  .00644,  are  1 

equivalent  to  each  other :                                                          J 

-frC'^!"}'-'™^      ■ 

They  are  sometimes  modified  by  another  coefficient,  1 

thus :                                                                                            1 

„  =  c-.{^^^[*=50o-]^[*  =  100c'VRr       (31)1 

:                                   i 

M 
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to  make  them  conform  more  nearly  to  experiment  for  cer- 
tain classes  of  conditions. 

This  coefficient  (c)  equals  unity  (c'  =  1)  in  cases  when 
B  .00644  is  the  proper  coefficient  of  flow  to  embody  in  the 
fundamental  fonnula ;  is  greater  than  unity  (c'  >  1)  when 
the  principal  coefficient  should  be  less  than  .00644,  and 
less  than  unity  (c'  <  1)  when  the  principal  coefficient  sliould 
exceed  .00644.  Generally,  with  medium  velocities  of  say 
two  and  om^half  to  three  feet  per  second,  this  coefficient,  c\ 
will  exceed  unit}^  for  long  clean  pipes  exceeding  five  inches 
diameter,  and  be  less  than  unity  for  pipes  of  less  than  ^\i' 
inches  diameter. 

298.  Values  of  r'. — When  the  legitimate  coefficient,  vu 
is  replaced  by  the  assumed  constant  coefficient  ,00644,  then 
approximately, 

l.0O644f   •  \mS    •'■^•^' 
therefore, 

_  S     2g^m     n  _  i     _2^_1»  .33. 

12/7  --  .00044  f    ~   i  10000  w  f  ^^^ 

With  a  given  velocity  of  liow  of  say  tJjr^v  foot  per  second, 
in  pipes  exceeding  one  thousand  diameters  in  length,  the 
several  values  of  c  for  diffiirent  diameters  would  be  approx- 
imately as  follows : 

TABLE     No.    66ff. 
Subk:oefticients  of  Flow  (f^  in  Pipes. 


Dimmeter. 

e*. 

DEamcter. 

€>. 

Diuneter, 

€*. 

\  Inch. 

1  * : 

•95'^ 

6  inches. 

1.015 

24  inches. 

I. 150 

•936 

8       " 

'.031 

27       •' 

1.170 

.942 
•950 
.960 

10       " 
12       " 
14       " 

1.050 
1.060 
1.080 

30      " 
36      " 

1.19s 

1.207 

1.225 

2  " 

3  *' 

1 '  ■■ 

.970 
.980 
995 

16       " 
t8       " 

1.095 
1. 110 
1*1 25 

40      " 

44       " 
48       " 

'245 
1.287 

1.308 
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These  values  of  d  decrease  as  the  velocity  of  flow  de- 
creases from  threti  feet  per  second,  and  are  approximately 
correct  for  higher  velocities  up  to  ten  feet  per  second. 


BENDS    AND    BRANCHES. 

299.  BendH. — Tlie  experiments  with  bends,  angles,  and 
contractions  in  pipes,  so  far  as  recorded,  have  been  with 
very  small  piix«,  and  the  deductions  therefrom  are  of 
uncertain  value  when  applied  to  the  ordinary  mains  and 
distribution  pipt»s  of  public  water  Bupi:ilies. 

Our  pipe's  should  be  so  proportioned  that  the  velocity 
of  How,  at  ail  extivine,  need  not  exceed  t*'u  feet  per  second. 
Our  bends  should  have  a  radius,  at  axis,  equal  at  least  to 
four  diameters. 

Under  such  conditions,  the  loss  of  head  at  a  single  bend 
will  not  exceed  about  one-tenth  the  height  to  wliich  the 
velocity  is  due  (not  including  height  balancing  resistance 
of  pipe-wall). 

In  such  case,  we  may  for  an  approximation  take,* 


-Q  = 


n= 


J 


(33) 


(34) 


According  to  this  equation,  if  a  pipe  is  1  foot  diameter^ 
1000  feet  long,  and  flowing  with  free  end  under  100  feet 
head,  the  loss  at  one  90''  bend,  whose  axial  radius  of  curva- 
ture equals  4  diameters,  will  be  .47  feet  of  head.  If  there 
are  two  bends,  the  total  head  remaining  constant,  the  loss 


•  The  mean  value  of  (1  +  (V)  for  short  pipcfl  is  1.506. 
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at  both  will  not  be  double  this  amount,  for  the  velocity 
through  the  first  will  be  rt»duct'd  by  the  resistance  in  the 
second,  and  therefore  the  resistance  in  the  tii*st  will  be 
reduced  proportionally  with  the  t?quare  of  the  reduction  of 
the  velocity ;  and  a  similar  proportional  reduction  of  resist- 
ance Will  take  place  in  the  first  and  second  bends  when  a 
third  is  added. 

Let  a  be  the  velocity  due  to  the  given  head  and  length 
of  pipe  without  a  bend,  and  Vi  the  velocity  after  the  bend  is 
inserted,  then  the  height  of  head  lost,  h^,  in  consequence  of 


the  bend  is  A»  =  — 


%f 


2^ 


and  //  —  hi,  is  the  effective  remain- 


ing head. 

After  computing  the  new  value  of  //'  beyond  the  first 
bend,  we  may  substitute  that  in  the  equation  to  find  the 
new  value  of  o,,  and  proceed  to  deduce  the  value  of  M'^ 
beyond  the  second  bend,  etc.,  or  raise  the  subdivisor  to  a 
power  whose  index  equals  the  number  of  bends  ;  thus, 


No.  of  Bends'    i 

3 

3 

4 

5 

6 

7 

6 

9 

lO 

II     12 

Subdivisors. 

9 

.81 

.656 

■591 

■531 

•47s 

A30 

.387 

.349 

.314 

.2B2!  .254 

Reciprocals. 

i.li 

1.23 

1.52 

X.68 

i.sa 

2.og 

2-33  J2.58 

2.S7 

3.ta 

355  394 

For  larger  pipes,  or  for  larger  radius  of  ciirvature,  or 
reduced  velocity,  the  value  of  the  subdivisor  may  rise  to  .94 
or  .96,  or  even  near  to  unity. 

When  pipes  exceed  one  thousand  diameters  in  length, 
tile  term  (1  +  r,)  may  be  neglected,  and  the  equations 
assume  the  followini::  more  simple  forme,  in  which  the 
reciprocals  of  the  abovi*  table,  according  to  the  number  of 
bends,  become  the  coefficients  of  m. 


V  = 


j  2(;h"ri 


v 


(35) 


h"  = 


1.111m??' 


(36) 


i  l.lllOT )  '""'  "  2ffri 

In  which  v  ==  the  rate  of  flow,  in  feet  per  second ;  h*'  =  the 


frictional  head ;  and  /  =  the  sine  of  the  inclination. 
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T  =  tiie  hydraulic  mean  radius  = 


section 


contour 
m=  a  coefficient  {vide  table  of  m^  page  242). 
2g  =  64.4. 

The  experiments  by  Du  Buat,  Venturi,  and  other  of  the 
early  experiraenlalista,  with  pip(»s  varying  from  one-half  to 
two  inches  diameter,  and  more  recent  experiments  b}'  Weis- 
bach,  liave  been  fully  and  ably  discussed  by  the  latter,  in 
"Mechanics  of  Eiigineeiing'*  and  elsewhere. 

Weisbach's  formula  for  additional  height  of  head,  A*, 
necessary  to  overcome  the  resistance  of  oTie  bend,  is 


Afc  =  £ 


(37) 


180"      %g' 

in  which  2  is  a  coefficient  of  resistance,  0  the  arc  of  the  bend 
in  degrees,  and  fh  the  additional  head  required. 

The  value  of  if  he  deduces  by  an  empirica.1  formula : 


2  =  .131  +  1 


■«'(i)'. 


in  which  r  is  the  radius  or  semi-diameter  of  the  pipe,  and 
the  axial  radius  of  cur\'ature  of  the  bend. 

For  given  ratios  of  r  to  M^  z  has  the  following  values, 
for  pipes  with  circular  cross-sections. 

TABLE     No.     67. 

Coefficients  of  Resistance  in  Bends. 


r 

.1 

•IS 

.a 

•35 

•3 

•35 

.4 

-45 

5 

■55 

9 

.i3» 

.»33 

.138 

-US 
-75 

.158 

.178    .ao6 

.2+4 

.294 

.350 

r 
JR 

.6 

•65 

•7 

.8 

.85 

•9 

-95 

I 

•  •  ■ « 

s 

,440 

.540 

.661 

.806 

.977 

1.177 

1.408 

1,674 

1.978 
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300.  Branches. — In  branches,  the  suins  of  the  resist- 
ances due  to  the  deflections  of  the  moving  imrticles,  the 
contractions  of  sections  by  centiifngal  force,  and  the  con- 
tractions near  square  edges,  if  there  are  such,  will  for  each 
given  velocity  vary  inversely  as  the  diameters  of  the 
branches. 

Until  reliable  data  for  other  than  small  pipe  branches  is 
supplied,  we  may  assume  in  approximate  preliminary 
estimates  of  head  required,  when  the  velocity  of  flow,  under 
pressure,  is  ten  feet  per  second,  a  reduction  of  that  portion 

of  the  head  to  which  tlie  velocity  is  due  f  =  ^— J  at  a  riglit- 

angled  branch,  equal  to  about  fifty  per  cent,  in  branches  of 
three  to  six  inches  diameter  and  thirty  to  forty  per  cent,  in 
larger  brandies. 

The  equations  then  take  the  following  form  : 

(38) 


H 


[-(1+^,^) 

=  z^-^^ ~     X    rr-* 


(39) 


I 


The  value  of  the  subdi visor  will  be  elianged  according 
to  the  special  conditions  of  the  given  case,  and  the  effects 
of  a  series  of  branches  will  be  similar  to  those  above 
described  for  a  series  of  bends,  but  enhanced  in  degree. 

For  long  pipes,  equivalent  equations  will  be, 


"  (1.6667«i 


A"^ 


(40) 
(41) 
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301.  How  to  Economize  Head, — ^The  losses  of  head 
and  of  energy  due  to  frictions  of  pipe- wall  and  to  resistances 
of  angles,  contractions,  etc.,  increase  with  the  square  of  the 
velocity,  and  they  occasionally  consume  so  much  of  the 
head  that  a  very  small  fi-action  of  the  entire  head  only 
remains  to  generate  the  final  velocity  of  flow. 

The  losses,  other  than  those  due  to  the  walls  of  the  pipes, 
originate  cliiefly  about  the  square  edges  of  the  pipes, 
oriflces,  and  valves,  where  contractions  and  their  resulting 
eddies  are  produced,  or  aiv  due  to  the  centrifugal  force  of 
the  particles  in  angles  and  bends. 

These  losses  about  the  edges  may  be  modified  materially, 
even  near  to  zero,  by  rounding  all  entrances  to  the  form  of 
their  vend  coniractd^  and  by  joining  all  pipes  of  lesser 
diameter  to  the  greater  by  acutely  converging  or  gently 
curvet]  reducers  (Fig.  102),  so  that  the  solidity  and  sym- 
metrical section  of  the  column  of  water  sliall  not  be  dis- 
turbed, and  so  that  all  changes  of  velocity  shall  he  gradual 
and  iciihoui  agitation  among  the fl/uid particles. 

It  is  of  the  utmost  importance,  when  head  and  energy 
are  to  be  economized,  that  the  general  onward  mution  of 
the  particles  of  the  jet  be  maintained,  since  wherever  a 
sudden  contraction  occurs  an  eddy  is  produced,  and 
wherever  currents  of  different  velocities  and  directions 
intermingle  an  agitation  results,  both  of  which  divert  a 
portion  of  the  forward  energy  of  the  particles  to  the  right 
and  left,  and  convert  it  into  pressure  against  the  walls  of 
the  pipe,  from  whence  so  much  reaction  as  is  across  the 
pipe  is  void  of  usefid  effect>  and  the  enei^  of  the  jet  to  a 
like  extent  neutralized,  and  so  much  as  is  back  into  the 
approaching  column  is  a  twofold  consumption  of  dynamic 
force. 


ARYi 
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CHAPTER  XIV. 

BiEASCRIXa    WEIB8,  AND   WEtR   GAUGINa. 

302.  Gaug:e<l  Volumes  of  Flow. — A  partially  sub- 
mei^ged  meaauring  orifice  or  notch  in  one  of  the  upright 
sides  of  a  water  tank,  or  a  horizontal  measuring  crest  with 
vertical  shoulders,  in  a  barrier  across  a  stream,  equivalent 
to  a  notch,  is  termed  a  weir. 

Weirs,  as  well  as  submei^ed  orifices  (§  206)  are  used 
for  gauging  the  flow  of  water,  and  in  their  approved  forms 
give  opportunity  to  apply  the  constant  force  and  accelera- 
tion of  gravity,  acting  upon  the  water  that  falls  over  the 
weir,  to  aid  in  determining  the  volume  of  its  flow. 

The  volume  of  flow,  Q,  equals  the  product  of  the  section 
of  the  jet  upon  the  weir,  8,  into  its  mean  velocity,  V, 


Q  =  SV, 


(1) 


303.  Form  of  Weir. — For  convenience  in  practical 
construction  and  use,  hydraulicians  usuaUy  form  their 
measuring  weirs  with  horizontal  crests,  CD,  and  vertical 
ends  AC  and  BD,  Fig.  41. 


Fio.  40. 


Fio.  41. 


v»^^^^^^^^^^^^^^^^^. 
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Fig.  42. 


The  theory  of  flow  over  weirs  of  this  description  is  more 
accurately  establislied  by  numerous  experimental  and  posi- 
tive measurements,  than  for  any  other  fomi  of  uoteh. 

The  head  of  water  upon  rectangular  weirs  is  measured, 
from  tbe  crest  CD  of  the  weir  to  the  surface  of  still  water,  a 
short  distance  above  the  weir,  instead  of  from  the  centre  of 
pressure  or  centi-e  of  gravity  (§  206)  of  the  aperture,  as  in 
the  case  of  submerged  oiifices. 

The  weir  is  placed  at  right  angles  to  tlie  stream,  with  its 
upstream  face  in  a  vertical  plane. 

The  crest  and  vertical  shoulders  of  the  weir  are  cham* 
fered  so  as  to  flare  outward  on  the  discharge  side  at  an 
angle  not  less  than  thirty  degrees.  The  thin  crest  and 
ends  receiving  the  current  must  be  truly  horizontal  and 
vertical,  and  truly  at  right  angles  to  the  upper  plane  of  the 

weir,  and  sharp-edged,  so 
as  to  give  a  contracted  jet 
analogous  to  that  flowing 
through  thin,  square-edged 
plate. 

The  edges  are  common- 
ly formed  of  a  jointed  and 
chamfered  casting,  or  of  a 
jointed  plate  not  exceeding 
one-tenth  inch  thickness,  as  shown  in  Fig.  42. 

304.  DiiueiiHiuns.  —  The  dimensions  of  the  notch 
should  be  ample  to  carry  the  entire  stream,  and  yet  not  so 
long  that  the  depth  of  water  upon  a  sliarp  crest  shall  be  less 
than  five  inches,  and  if  contraction  is  obtained  at  the  up- 
right ends,  the  section  of  the  jet  in  the  notch  should  not 
exceed  one- fifth  the  section  of  the  approaching  stream*  lest 
the  stream  approach  the  weir  with  an  acquired  velocity  that 
will  appreciate  the  natural  volume  of  flow  through  the  notch. 


I 
I 

I 

I 
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305.  Stability. — Care  is  to  be  taken  to  make  the  foun- 
dation of  the  weir  firm,  the  bracing  substantial,  and  the 
planking  rigid,  so  there  shall  be  no  vibration  of  the  frame- 
work or  crest,  and  ite  eheet  piling  is  to  go  deej),  and  well 
iuto  the  banks  on  each  side,  when  set  in  a  stream,  so  that 
there  shall  be  no  escape  of  wat*'r  under  or  around  it,  and  a 
linn  apron  is  to  be  pro\4ded  to  receive  the  tailing  water  and 
to  prevent  undermining. 

30(5.  Varying:  Lengrtli.— Upon  mountain  streams,  it  is 
frequently  necessary  to  provide  for  increasing  or  shortening 
the  length  of  the  weir,  so  that  due  proportions  of  notch  to 
volume  may  be  maintained.  Tliis  may  be  accomplished  by 
the  use  of  vertical  stop-planks  with  flared  edges,  placed  at 
one  or  both  ends  of  the  weir,  as  atj5^',  Fig.  41. 

Sometimes  it  is  necessary  to  make  the  notch  of  the  entire 
width  of  the  stream,  when  there  will  be  crest  contraction 
only,  and  no  end  contractions,  in  which  case  pailitions  E 
(Fig.  44)  should  be  placed  iigainst  the  ujiper  side  of  the 

Fio.  w.  Fio.  44, 


-1 


weir  flush  with  its  shoulders  and  at  right  angles  to  its 
plane.  On  other  occasions  the  weir  may  be  so  long  as  to 
require  intermediate  posts,  F  (Fig.  44),  in  its  frame-work, 
when  intermediate  contractions,  one  to  each  side  of  a  post, 
will  be  obtained,  in  additions  to  the  crest  and  end  contrac- 
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tions ;  each  of  which  exert  an  important  diminishing  influ- 
ence upon  the  vohime  of  flow. 

307.  End  Coutractioiis.— A  short  weir  may  be  de- 
fined, one  which  is  appreciably  affected  by  end  contractions 
tliroughout  ita  entire  length ;  practically,  when  the  length 
of  unbroken  opening  is  less  than  about  four  times  the 
depth  of  water  flowing  over. 

The  end  contractions  affect  a  nearly  constant  length  at 
each  end,  for  each  given  depth,  on  long  weirs,  and  such 
length  increases  with  the  depth  of  water  upon  the  weir. 

To  obtain  perfect  end  contractions,  tlie  distance  from 
the  vertical  shoulder  to  the  side  of  tlie  cliannel  should 
not  be  less  than  double  the  depth  of  the  water  upon  the 
weir. 

If  there  is  no  end  contraction,  the  volume  for  any  givf*n 
depth  is  proportional  to  tlie  entire  length  of  the  w^ir. 

The  flow,  for  a  given  length,  on  long  weirs,  or  on  weirs 
without  end  contmctions,  is  proportional  to  a  power  of  the 
depth  on  the  weir. 

308.  Crest  Contractions. — To  obtain  perfect  crest 
contractions,  tlie  d»'pth  of  water  above  the  weir  should  not 
be  less  tlian  about  double  the  deptli  upon  the  weir,  especi- 
ally when  the  depth  flowing  over  is  less  than  one  foot ;  and 
the  clear  fall  below  the  crest  to  the  surface  of  tail  water 
should  be  sufficient  to  maintain  a  perfect  circulation  of  air 
in  the  crest  contraction,  d  (Fig.  42),  under  the  jet,  all  along 
the  crest  Such  supplies  of  air  are  to  be  provided  for  at 
ends,  and  at  central  posts,  F  (Pig,  44),  since  a  vacuum 
under  the  jet  would  defeat  the  application  of  the  ordinary 
formula, 

309.  Theory  of  Flow  over  a  Weir.— To  illustrate 
the  deduced  theory  of  flow^  through  rectangular  notches,  we 
will  first  consider  a  case  independent  of  contraction : 


THEORY  OF  FLOW  OVEB  A  WEIB. 
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Let  a,  by  c,  <?,  e,  /,  etc.  (Pig.  45),  "be  orifices  in  the  side 
of  a  reservoir,  at  depths  below  the  water  surface,  respec- 
tively of  1,  2,  3,  4,  5,  6,  etc.,  feet. 

Then  the  velocity  of  issue  of  jet  from  each  orifice  will  be 

V=  ^WB, 
according  to  its  depth,  J?,  below  the  surfece,  viz. : 

For  orifice  &,  F  =  V%0.  =    8.03  feet  per  second. 

"  Cy  V=  /2^  =  11.40  '* 

"        «  d,  V=i^2^  =  13.90  " 

«  e,V  =  V2gi  =  16.00  " 

"  /,  F='/2^  =17.90  « 

"  iy  V=V2ff6  =19.70  " 

«  At,  V~i^2g7  =  21.20  " 

«  n,V^V2^  =22.70  « 

«        "  0,  V=V2ffd  =  24.10  " 

"  i?,  y  =  i^2^  =  26.40  " 

Plot  each  of  these  depth,  a,  by  c,  etc.,  to  scale  upon  the 
same  vertical  line  as  abscisses  and  their  corresponding 
velocilieB  of  issue,  bb\  cc',  dd'y  etc.,  horizontally  to  the  same 


282 


MEASURING  WEIRS,  AND   WEIR  UADUING. 


scale  as  ordinates ;  then  the  extremities  of  tlie  horizontal 
lines  will  touch  a  paiubolic  line,  a,  b',  d',  p\  whose  vertex 
is  at  a,  absciBsa  is  ap^  urdinates  are  bb\  ccy  pp\  etc.,  and 
whose  parameter  equals  "2^, 

Suppose  now  the  lintels  separating  the  orifices  are  in- 
finitely tliin,  then  the  volume  issuing  per  second  fi-om  each 
oritice  will  equal  a  prism,  whose  length  and  height  equals 
that  of  the  orifice,  and  whose  mean  iirqjection  is  equal  to 
its  ordinate^  bb\  cc',  dd',  etc.,  or  equals  in  feet,  the  feet  per 
second  of  velocity  of  issue  from  the  orifice. 

Again,  suppose  the  partitions  to  "be  entirely  removed 
and  the  tluid  veins  to  be  infinitely  thin  and  infinite  in  num- 
ber as  respects  height,  then  the  velocities  of  the  veins  plot- 
ted to  scale,  will  touch,  as  before,  the  paiabolic  line  ab'd'p\ 
and  the  volume  of  issue  per  second  will  equal  a  prism  whose 
end  area  equals  the  notch  ap^  aud  whose  area  of  }»rojection 
equals  the  area  of  the  parabolic  segment,  appda. 

According  to  well  known  properties  of  the  parabola,  the 
segment  app'd'a  is  equal  to  two-thirds  its  circumscribing 
parallelogram  Aapp'. 

Let  I  be  the  length  of  the  notch,  11  the  height  =  ap^  and 
V^gffiiMd  lengtli  of  the  segment  =;>/?' ;  tlien  the  area  of  the 
circumscribing  parallelogram  equals  77  x  V^gJl  and  the 
area  of  the  segment  equals  77  x  §  4^2^77  and  the  volume  of 
issue  Q=l  X  11  xl  V2gH.  (2) 

Let  V  be  the  velocity  of  the  film  of  mean  velocity. 
Since  the  volume  of  the  segmental  prism  appda  equals 
two  thirds  of  the  parallelopiped  Ap  of  equal  height,  length, 
and  projection,  it  follows  that  the  volume  of  the  segment 
equals  the  volume  of  a  parallelopiped  of  equal  height  and 
lengtli  and  of  \  the  projection  =pp'\  and  the  mean  velocity 
of  issue,  V  =  'pp"  =  I  V2gH. 

The  volume  Q^lx  Hx  V—  Ix  H  %l  V2gH. 


iiA^ 
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If  the  crest  of  the  weir  is  raised  to/,  then  let  the  heigW 
qfhek^  and  the  velocity  of  issue  of  the  tilm  at  the  crest  / 
will  be  ^^2ghy  and  the  volume  of  issue  q  from  the  notch  c/ 
will  he,  q  =  il  X  h  X  Vk  X  V2^.  ^ 

If  the  volume  q  of  this  segmental  prism  aff'h'a^  be  sub- 
tracted from  tlie  volume  Q  of  the  segmental  prism  app'd'a^^ 
the  remainder  will  equal  tlie  volume  of  the  prism  ^j^y  =" 
Q-q  =  (llxHxV7lx  V2g)  -  (fZ  x  A  x  VA  x  V2g)  = 


.SIO.  FonuiilaH  for  Flow  without  and  with  Con- 
tractions. —  The  formula  (2),  Q=l  x  II  x  I  V2g  x  VJI 
may  take  the  form  Q  =  V2(/  x  I  x  ^IIK  (4) 

Taking  into  consideration  the  complete  contraction  in  a 
rectangular  weir,  we  observe  first,  that  in  addition  to  the 
crest  and  end  contractions,  the  surface  of  the  stream,  Fig.  42, 
begins  to  lower  at  a  short  distance  above  the  weir,  and  tlie 
jet  assumes  a  dowTiward  curve  over  the  weir. 

Expt'riments  demonstrate  tliat  the  measurements  are 
facilitated,  both  in  accuracy  of  observations  and  in  ease  of 
calculations,  by  taking  the  height  of  water  upon  the  weir 
to  the  true  surface  level  a  sliort  distance  above  the  weir, 
instead  of  to  the  actual  Hxirface  immediately  over  the  crest. 
In  such  case  the  top  contraction  has  no  separate  coefficient 
in  the  fonnnla  of  volume.  I 

Experiments  den)onstrate  also,  that  a  perfect  end  con- 
traction, when  depths  upon  the  weir  are  between  thi-ee  and 
twent>^-four  inches,  and  length  not  less  than  three  times  the 
g^ven  deptli,  will  reduce  the  effective  length  of  the  weir  a 
mean  amount,  approximately  equal  to  one-tenth  of  the 
depth  from  still  water  surface  to  crest. 

If  //  is  this  depth  from  surface  to  crest,  and  /  the  fuU 
length  of  the  weir,  and  7  the  effective  length  of  the  weir, 
then  one  end  contraction  makes  1  =  {l  —  OAH)\  and  two 
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end  contractions  make  Z'=  (I  —  0.2J7) ;  and  any  number, 
y?,  of  end  contractions  make  ?'=  (Z  —  O.lnB), 

The  reduction  of  volume  by  the  crest  contraction  is  com- 
pensated for  by  a  coefficient  m  introduced  in  the  formula 
for  theoretical  volume,  as  above  deduced.  This  coefficient 
[m)  is  to  be  determined  for  the  several  relative  depths  and 
lengtlis  by  experiment. 

If  we  insert  the  factors  relating  to  end  and  crest  contrac- 
tions, the  formula  for  volume  becomes : 

Q  =  ^mx  V2g  x  (Z  -  0.1nIT)in,  (5) 

The  factors  f  and  V2g  are  constants,  and  for  approximate 
calculations  within  limits  of  3  to  24  inches  depths  upon  the 
weir,  m  may  be  taken  as  constant. 

Let  C  represent  the  product  of  these  three  factors,  then 

The  admimble  experiments  with  weirs*  upon  a  great 
Bcale^  which  were  conducted  by  James  B.  Francis,  C.  E., 
with  the  aid  of  tlie  moat  perfect  mechanical  appliances,  in  a 
most  thorougli  and  cai-eful  manner,  give  to  Ca  mean  valne 
of  3.33,  and  we  have  3.33  =  |m  x  i"^. 

Tmnsposing  and  assigning  to  V2ff  its  numerical  value, 
we  have» 


3.33 


m  = 


3.33 

^"of  =  .622  as  a  mean  coefficient. 

o.3o 


I  X  8.025 

The  formula  for  volume  of  flow  may  take  the  following 
forms: 

Q  =  lV2gxm(l-  OAnE)m  =  6.357rt(Z  -  0.1nir)B*,    (6) 
or  for  ajjproxiraate  results. 

Q  =  ca  -  0,lnH)m  =  3.33(Z  -  O.lnff}!!^  (7; 

This  last  formula,  suggested  by  Mr.  Francis,  assumes 
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discliarge  is  from  a  reservoir  infinitely  large,  so  tliat 
le  water  approaching  has  received  no  initial  velocity. 

311.  Inrrease  of  Voluiue  diu>  to  Initial  Velocity 
f  Water. — Wlien  there  is  appreciable  velocity  of  approach, 
5t  ^  be  the  section  of  stream  in  the  channel  of  approach, 
nd  Fthe  mean  velocity  of  tiow  in  the  section  S\  and  h  the 
eight  to  which  tlie  velocity  V  is  due,  and  Q'  the  volume 
Qhanced  by  the  initial  velocity.    Then 


I 


8V=  Q,  and  V=^,  aiid  h  = 


2.7 


-iS 


the  mean  velocity,  F,  is  to  be  determined  from  the 
arface  motion  of  the  water  in  the  channel  of  approach,  let 
V  be  the  surface  motion ;  then,  as  will  be  shown  in  the 
onsidoration  of  flow  of  water  in  channels  (§  332),  the  mean 
elocity  is,  ai^proximately,  eight-tenths  of  the  surface  ve- 

( 8  vy 

ocity,  and  F=  .8  F ',  and  h  =     ^    \ 

Referring  again  to  a  parabolic  segment  of  length  equal 
0  the   unit  of  length  of  weir, 
•'ig.  46,  and  let  H  =  ap,  and  Fig.  46. 

\  =  sOy   and    ^^2f;II  =  pp'  and 

The  ordinate  pp'  of  the  seg- 
oent  app'  is  the  projection  of  a 
)arabolic  segment  whose  volume 
qnals  the  volume  of  flow  when 
be  depth  upon  the  weii'  equals 

When  the  flow  has  no  initial 
•elocity  the  ordinate  at  a  =  0, 

mt  when  the  flow  has  an  initial  velocity  due  to  the  height 
a  =  h,  the  ordinate*  at  a  equals  V2gh^  ~  aa\  and  the  ordi 
late  at  p  =  i^2g{II  -^  A)  =pt,  and  any  ordinate  /,  at  a 
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depth  7i  =  sf^  equals  V2gh'=.ff'\  therefore  the  incre^ 
of  volume  of  flow  due  to  iaitial  velocity  is  represented  by 
the  vohinio  (mtp'f\  and  the  whole  volume  of  flow  by  the 
volume  apia\ 

This  last  volume  is  the  volume  sjkt  less  the  volume  saa!^ 
and  equals,  for  unit  of  length, 

....     (8) 

Let  Q  be  the  enhanced  volume,  and  let  //'  be  some 
depth,  yp^  upon  the  weir,  that  substituted  for  H  in  the 
ordinary  formula  for  Q  would  give  the  value  of  Q\ 

The  formula  tlion,  if  there  are  no  end  contractions,  is 


Q' =  ^ml  V2g  B'^y 


(9) 


or,  for  approximate  measures,  including  end  contractions, 

if  any, 

Q  =  3.33  (I  -  O.lnIP)  H\  (10) 

To  determine  the  value  of  //'  from  {H  -\-  k\  substitute 
the  value  of  Q  in  the  equation  (8)  of  volume  for  one  unit  of 
length,  and  we  have 

and  reducing,  we  have 

H'  ^  {(jy-hA)i-.Aip.  (iij 

If  the  volume  of  flow  {Q  =  Iml  V2^  ff^)  is  known,  and  it 
is  desired  to  find  the  depth  JI  upon  a  weir  of  given  length, 
then  by  transposition  we  have, 


-ff= 


imlV2g)   ' 


(12) 
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ia  case  of  initial  Telocity  in  tlie  approaching  water. 


H^ 


={ 


\ml  V2ir 


+  AS 


!'-• 


Id87 


as) 


The  first  of  these  two  values  of  H  will  give  reBults  suf- 
fidentlj  near  for  ail  ordinary-  practice,  if  the  initial  velocity 
does  not  exceed  one-half  foot  per  second. 

In  the  above  formulas  of  volume  the  symbols  represent 
'Vtthiee  as  follows : 
C  =  volume  due  to  natural  flow,  in  cubic  fe*^t  per  second. 
I  =  length  of  weir,  in  feel. 
I  =  effective  length  of  weir,  in  feet. 

»  =  coefficient  of  crest  coutractionj  determim^d  by  exper- 
iment. 
li—  observHl  depth  of  water  njx)n  the  weir,  in  ftet. 
B^  section  of  channel  leading  to  the  weij-,  in  Btjuare  ff*et. 
F=  mean  velocity  of  water  approaching  tlie  weir,  in  feet 

per  second, 
h  =  head  to  which  this  velocity  is  due,  in  feet. 
S^=  64.3806,  or  64.4  for  onlinar}^  calculations. 
-fir  =  head  upon  the  weir,  wht-n  corivcted  to  include  effect 

of  initial  velocity  of  approaching  water. 
Q  —  volume  of  flow,  including  effect  due  to  initial  velocity 
of  approaching  water. 

312.  C*oeflieiontH  for  Weir  Forniulti».  —  Tlie  con- 
trolling influence  of  the  contractions  entitle  theni  to  a 
d<?lailt-d  study. 

In  Mr.  Francis'  formula  for  volume,  quoted  above,  the 
^d  contniction  is  assumed  to  be  a  function  of  the  di'pth, 
*>wl  the  crest  contraction  to  be  compensat4»d  for  by  the 
<^fficient  C,  of  which  m  is  the  variable  factor  dependent 
ui)on  the  depth. 


^ 
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In  tlie  following  table  the  quantities  in  columns  A^  By 
D,  Ej  F  have  been  selected  fi-om  Mr.  Francis'  table,  tbe 
column  C  reduced  from  its  corresponding  column,  aud  the 
column  G  computed.  Each  of  the  columns  are  means  of  a 
number  of  nearlj'  parallel  experlmenta,  and  they  are  her© 
arranged  according  to  depth  upon  the  weir. 


I 


TABLE     No.    68. 
Experimental  Weir  Coefficients. 


A. 

B. 

c. 

D. 

E, 

F. 

G. 

II 

1 

E 

i! 

\k 

1  l^ 

.'> 

i 

1*8 

m 

1        ' 

1     '^2 

>     N 

'« 

9-997 

.62 

16.2x48 

16.0382 

16.0502 

3-3275 

.622 

9-997 

.65 

17.3401 

17.1990 

17.2187 

3.3262 

.622 

9*995 

.80 

23-7905 

23.8S2I 

23.8156 

3.3393 

.624 

9*997 

.80 

23.4304 

23.4011 

23-439' 

3-3246 

.621 

9-997 

.83 

25.0410 

24-83^3 

24.7548 

3-3403 

.624 

9-995 

.98 

32-5630 

32.3956 

32.2S99 

3-3409 

.624 

9-995 

1. 00 

33.4946 

33-2534 

z^-^^:^^ 

3.3270 

.622 

9-997 

1. 00 

32-5754 

32.5486 

32.6240 

3.3223 

.621 

9-997 

1.06 

36.0017 

35-8026 

35.5602 

3-3527 

.627 

9-997 

1-25 

45-5654 

45.4125 

45-3608 

3-3338 

.623 

9-997 

1.56 

62.6019 

62.6147 

62.8392 

z:s^^^ 

.620 

7-997 

.68 

U.5478 

I4.45SI 

14.4247 

3.3368 

.624 

7-997 

i.oa 

26.2756 

36.2686 

26.0333 

3.3601 
Mean, 

.628 
.623 

Mr.  Francis  points  out  the  necessity  of  caution  in  apply- 
ing the  above  formula  for  Q  beyond  the  limit  covered  by 
the  experiments,  but  it  occasionally  becomes  necessary  to 
use  some  formula  for  depths  both  less  and  greater  than  is 
included  in  the  above  table. 

After  plotting  with  care  the  results  obtained  in  various 
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DISCUARO£S    FOB    OIVEN    DEPTHS. 

'exiK»riments  hy  different  experimentalists,  we  suggest  the 
following  coeflicieuts  for  the  i-espective  given  depths,  until  a 
series  of  e<.[Uiil  range  Bhall  be  established  by  experiments 
with  a  standard  weir  gauge.  At  the  same  time,  we  advise 
that  weirs  be  so  proportioned  that  the  depths  upon  them 
shall  eonForm  to  the  limits  already  covered  by  experiment, 
or  at  least  between  4  and  24  inches  depths,  and  with  length 
equal  to  four  times  the  depth. 

TAB  LE     No.    69. 

Coefficients   for  Given   Depths  upon  Weirs  (in  thin  vertical 

plate). 


^ -1 

lib. 

.063  ft. 

.114  R. 

..67  ft 

3  in. 

Hi  ft 

6  b. 

8  In. 

.667  ft. 

10  Id. 
833  ft. 

Vklucof  H> 

.6100 

.6(30 
3»74 

3.301 

.4195 
3-3>4 

.««3 
J-3«9 

^^ 

.•^ 

Vilucof  C 

Depths 1 

lain, 
ift- 

14  tn- 
1.167  ft. 

31» 

16  to. 

xtln. 
1.500  ft 

30  In. 
i.««7ft. 

Mto. 

s.aooR. 

join 
xsooft. 

40  in. 
3-3J3ft. 

48  tn. 

4.000  ft. 

VilueoTM 

Value  of  C 

JS39 

.6043 

3.340 

.6B41 
3-3» 

3-S39 

,:Sr 

.«.3» 
3334 

.606 
3-33' 

.6N0 

3-3>; 

313.  Discharges  for  Given  Depths. — The  following 
table  of  approximate  How  over  each  foot  in  length  of  a 
8liarpcreHt*xi  i*ectaiigular  weir  has  been  prt^pared  to  aid  in 
adjusting  the  proportions  of  weirs  for  given  streams.  End 
contractif>n8  are  not  here  allowed  for.*  Tlie  coefficients  C 
(in  CIH^)  are  taken  from  table  above,  and  I  equals  luiity. 

The  proportions  of  weir  and  its  ratio  to  section  of  clian- 
jiel  are  here  supposed  to  conform  to  the  general  suggestions 
Iven  above^ 


"  To  compensate  for  a  stOK'le  ead  coDtraetioD,  in  long  weirs,  deduct  from 
the  toc&l  Icn^b.  In  feet,  nn  amount  e<|ual  to  onc-t^nth  the  bead  upon  the  weir, 
in  feet.     Heducc  the  total  length  a  like  amoant  for  each  end  contraction. 

19 
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TABLE     No.     70. 

Discharges^  for  Given  Depths  ov£r  each  Lineal  Fuot  of  Weir. 


jyi. 

i 

s 

tf*. 

i 

t 

^« 

i 

x" 

ui-  ■ 

U 

u 

'04 

.0080 

.0261 

.46 

.3120 

1.0386 

1.2 

1.3145 

4.3504 

.05 

.0112 

.0365 

.48 

.3326 

I . 1072 

1.3 

1.4822 

4.9506 

.06 

.0147 

.04B0 

.50 

.3530 

1.1771 

1.4 

1.6565 

5-5327 

-07 

.0185 

.0604 
.0738 

.59 

.3750 

1.2483 

1.5 

1-8371 

6.I34I 

.08 

.0396 

.54 

.3968 

1.3909 

1.6 

a.0339 

6.7576 

-09 

.0370 

.0881 

.56 

.4191 

1.3951 

1.7 

3.3165 

7.3987 

.10 

.0316 

.1032 

.58 

.4417 

1.4724  1 

1.8 

3,4150 

8.0611 

.11 

.0365 

.1195 

.60 

.4648 

1.5475 

1.9 

3  6190 

8.7421 

.19 

.0416 

.1361 

.63 

.4883 

1.6986  1 

2.0 

2.8284 

9.4413 

-13 

.0469 

.1536 

.64 

.5130 

1.7080  1 

2.1 

3.0433 

10.1581 

.14 

.0534 

.1718 

.66 

.5362 

1.7888 

a. 3 

3.2O3I 

10.8924 

:\l 

.0581 

.1906 

.68 

.5607 

1.8705 

2.3 

3.4881 

11.6289 

.0640 

.3102 

.70 

.5857 

1.9540 

a. 4 

3.7181 

12.3960 

•  17 

.0701 

.3303  1 

.79 

.6109 

2.0380  1 

»'5 

3.9528 

13-1788 

.18 

.0764 

.2510  1 

.74 

.6366 

3.1237  1 

a. 6 

4.1924 

13-9773 

.19 

.oBaS 

.2721  1 

.76 

.6626 

2.9104  1 

2.7 

4.4366 

14.7915 

.20 

.0894 

.9938  : 

.78 

.6889 

2.9996 

3.8 

4.6853 

15.620S 

.33 

.1033 

.3407 

.80 

.7155 

2.3883  ■ 

3.9 

4.9385 

16.8486 

.24 

.1176 

.388a 

.82 

.7496 

9.4788  1 

3.0 

5.1962 

17.3339 

.36 

.1336 

.4377 

.84 

.7699 

a. 5699 

31 

5.4581 

18.18119 

.as 

.1482 

.4892 

.86 

7975 

3.6620  1 

3. a 

5.7243 

19.0676 

.30 

.1643 

.5445 

.88 

-8255 

2.7557 

3-3 

5  9^ 

19.9687 

.3a 

.1790 
.1983 

.5999 

.90 

-8538 

S.8500 

3-4 

6.2693 

20.8830 

•34 

.657* 

.92 

.8834 

2  9455 

3.5 

6.5479 

21.8110 

.36 

.3I&0 

,7158 

.94 

.9114 

3.0439 

3.6 

6.8305 

23.7535 

.38 

.234a 

.7761 

•^ 

.9406 

3.1407 

3.7 

7.1171 

23.7071 

.40 

,2530 

.8384 

.98 

.9709 

3.2395 

3.8 

7.4076 

24.5710 

.4a 

.2733 

.9020 

1. 00 

I. 0000 

3.3390 

3-9 

7.7019 

35-5472 

•44 

.2919 

.9673 

l.i 

I. 1537 

3.8523 

4.0 

8.0000 

26.5360 

The  coffflcienis  derived  from  tlie  experiments  of  Caetel 
and  B- Aubuisson,  Du  Buat,  Ponc4?lot  and  L«^bros,  SmeaUw 
and  Brindley,  and  Simpson  and  Blackwoll,  liavc  been 
deduced  by  tliofle  eminent  experimentalists  to  compensate 
for  all  contractions.  In  such  cases,  the  ratio  of  length  of 
weir  to  depth,  especially  where  depth  exceeds  one-fourth 
the  length,  and  the  ratio  of  length  to  breadth  of  channel  by 
which  water  approaches,  exert  conti-oUing  influencejs  upon 
the  coefficient. 
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The  following  table  of  coefficients,  deduced  by  Castel, 
show  the  inflncnce  of  depth  and  length. 

In  these  experiments,  Castel  used  for  channel  a  wooden 
trough  2  feet  5  J  inches  wide,  and  the  weir  placed  upon  its 
discharging  end  was  in  each  caae  of  thin  copper  plate. 

TABLE     No.     71. 
WeJR    COEFFICIENTC,   BY   CaSTEL. 


CosmcnDTTS,  Ow  Imgtbs  of  tlw  ovei^l  bdnf  respeetirdjr 

/>.'>»•.       1 

ft. 

/»- 

/»./>.!  rt. 

/I,     j   /T.    1    H.        />. 

/r. 

B       ,       >.^             ■-«      1 

t.^ 

X.«4 

I.Jl      o^ 

o.*S 

o.ja  1  D.rt  1  o.«9    o.q6 

o.es 

•-»«1     

•  ■■•• 

.■a*  • 

1 

....    o.»39      .... 

.»•        

..... 

.... 

•  ••• 

•  •«ak 

.  -.- 

-594      -«i4 

6»    

M    

*■••■ 

•  >-• 

•  ••• 

«•••• 

O-SB*        S»       .<*4 

.6>8        64>  .   .674 

.»• 

.... 

**■• 



995        5M 

.61, 

•^ 

.  ... 

...J. 

.... 

..>.. 

-   --        59S        99* 

.41, 

•4S 



.... 

.... 



O-«0J    -393       -»B" 

.6ts 

.M      .643  *   .673 

•3» 

..... 

..... 

.... 

o.6ai 

.«04    .SOB      .591 

.61a 

.«    .645 ;  -M 

:S 

»Ittt 

•Si 

^44 

•;^ 

.6U 

-«0J      .»3         .»! 

-fit*   395 :  »■ 

.6i« 
.6u 

s 

z 

^ 

:3 

.6«i 

.<9B 

■Us 

•63t 

.«n 

.610  .604     .ns 

.•ta 

:s; 

■7tJ 

.m» 

.M 

644 

:^ 

.6^      .6t6    .6ti      .597 

•n 

.«^ 

•O 

:Jg  1  :g  1 

M 

.6,.      .6.3    .619      -fal 

.fiM 

0£9 

.... 

,    •"? 

*y. 

.*•- 

.ftjfi      .631     .«M  !   .63 



.... 

K  we  plot  certain  scries  of  experiments  by  Smeaton  and 
Brindley,  Poncelet  and  Lesbro,  Du  Buat,  and  Simpson  and 
BlackwelJ,  and  take  the  corresponding  series  of  coefficienta 
from  the  resulting  curves,  we  have  the  following  results  for 
the  given  depths  and  lengths. 


TABLE     No.    72. 
Series  or  Weir  CoEPnciENTS. 


\t 

Dsmts  iTOK  Wij»,  IN  Fnrr. 

1        ftxrumiirmn.            te" 

^»«ton  ««!  Briodlcr. 0.5 

roof  el<i  and  Lc«bm» .646 

£>"«" y  1.533 

/Y.     Ft.    ft 
ik075   oa    015 

.68.   .«67     *-" 

.673. C^ 

itl'  !^J  673 

•7^ 

ouas   O.J 

1 

A.,       /.^ 

■7>8    -733 

59* 

-754 

frrt   .635 

ft. 

.. 

.5^0 
•793 

&B  1  114 

~l    . 
-4E0  -478 

:'l  :: 
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Within  the  limits  of  depths  cov<M^'d  by  tho  above  experi- 
ments the  coefl&cients  all  inci-ease  a^*  the  depths  decrease, 
except  in  tlie  last  stories  belonging  to  the  10  foot  weii*.  Tlie 
curves  in  each  instance  begin  to  bend  rapidly  at  depths  of 
about  three-tenths  feet.  In  the  two  last  series  above,  the 
convexities  of  the  curves  are  opjjosed  to  each  other,  and  the 
curves  cross  at  a  dej)th  of  .275  feet. 

314,  Vacuum  under  the  Crest. — If  the  partitions  E 
(Pig.  44)  are  prolonged  below  the  weir  so  as  to  close  tlie 
ends  of  the  crest  conti-action,  and  the  fall  is  slight  to  surface 
of  tail  watt*r,  the  moving  ciuTent  \\\\\  withdi-aw  sufficient 
air  from  under  tlie  fall  to  produce  a  vacuum  in  the  crest 
contraction,  from  which  will  result  an  increased  flow  over 
the  weir.  Such  vacuum  will  take  place  if  the  surface  of 
the  tail  water  rises  tr>  the  level  of  the  crest  when  there  is 
two  and  one-half  or  more  inches  depth  flowing  over  the  weir. 

The  tail  water  may  rise  near  to  the  crest  of  tlie  w^ir,  if 
no  vacuum  is  produced,  without  materially  affecting  the 
volume  of  flow. 

315.  ExauipIeH  of  Initial  Velocity.— Mr.  Francis 
found  tliat  with  a  half  foot  depth  upon  the  weii*,  a  half  foot 
per  second  initial  velocity  of  approach  increased  the  dis- 
charge about  one  per  cent.,  and  with  one  foot  u]>on  the 
weir,  one  foot  per  second  initial  velocity  increased  the  dia* 
charge  about  two  per  cent. 

When  initial  velocity  exists  in  the  approaching  water, 
and  the  flow  is  irregular,  with  eddies,  results  of  submei^ged 
obstructions  or  irregular  channel,  the  channel  should  be 
corrected,  and»  if  necessary,  a  grating  placed  in  the  stream 
some  distance  above  the  weir,  so  that  the  water  will  a|i- 
proach  with  steady  and  even  flow  upon  each  side  of  the 
channel's  axis,  so  that  correct  measurements  may  be  taken 
of  the  height  of  the  surface  of  the  stream  above  the  weur. 


WU)E.CREaTED    WEIBS. 


316.  Wide-Cre»t>ed  Weirn,— If  the  crest  of  the  weir  is 
tbickenwl,  as  in  the  caae  of  an  unchamfered  phiuk,  the  jet 
t^nds  to  cross  in  contact  with  its  full  crest  breadth,  and  the 
<M)ntractiou  is  distorted-  This  is  especially  the  case  when 
the  depth  upon  the  weir  is  less  than  three  inches. 

If  tlie  edge  receiving  the  current  is  not  a  perfect  angle 
not  greatt^r  than  a  right-angle,  tliat  is,  if  it  is  worn  op 
rounded,  tlie  jet  tends  to  follow  the  crest  surface  and  dis- 
tort  the  contraction. 

In  such  cases  the  ordinary  formula  are  not  applicable, 
and  the  safest  remedy  is  to  connect  the  weir. 

VVIien  the  weir  crest  is  about  three  feet  wide,  and  level, 
witli  a  rising  incline  to  its  receiving  edge,  as  in  Pig.  47,  Mr. 
Francis  suggests  a  formula  for  approximate  measurements, 
when  end  contractions  are  suppressed,  for  depths  between 
aix  and  eighteen  inches,  as  follows : 


g  =  3.01208  ?  ^'" 
The  coefficient  m  is  here  .563  approximately. 


(12) 


In  Mr.  Blackwell's  experiments  on  weirs  three  feet  wide, 
totii  level  and  inclined  downward  from  the  receiving  edge 
to  the  dischai-ge,  coefficients  m  were  obtained,  as  follows, 
apphcabie  to  the  formula 


Q  =  lmlV2gEK 


(18) 
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TABLE     No.    73. 
Coefficients  for  Weir  Crests  Three  Feet  Wide, 


Depdufrom 
Bull  wat«r 
upon  the 
the  weir. 

3  feet  long. 
level. 

a  fMt  Ions,     3  fe 
iocUaed.          lo 
1  In  t8.            I 

ion.             ^ 

(H  loQff.       10  fie 

ereL             I 

H^' 

to  (ect  lone, 
Indbed. 

JW. 

m. 

IH. 

m. 

m. 

m. 

m. 

.083 

-452 

-545 

467 

381 

.467 

.t67 

.4&2 

.546 

533 

479 

-49S 

.350 

.441 

•537 

539 

493 

.333 

.419 

.431 

455 

497 

— 

-5U 

.417 

.479 

-516 

... 

... 

5iti 

.... 

.500 

.501 



531 

507 

513 

•543 

.583 

.488 

•513 

527 

'497 

.667 

.470 

.491 

.  > . 

468 

.507 

.750 

.476 

.492 

498 

.48^ 

486 

.833 

.465 

455 

.... 

.917 

.... 

.... 

.467 

— 

I.OOO 

.... 

* "  *  •              • 

... 

'  ■  *  • 

•  *  • 

"  •  * 

317.  Triaiiipilar  Notches.— Prof.  James  Thomson,  of 
the  University  of  Glasgow,  proposed,  in  a  paper  read  before 
the  British  Association  at  Leeds,  in  1868,  a  triavgvlar  form 
of  measuring  weir.  In  his  experiments  with  stich  weir,  tlie 
depths  of  water  varied  from  2  to  4  inches,  and  the  \'olumes 
from  .033  to  .6  cubic  feet  per  second.  From  hia  experi- 
ments he  derived  the  formula  (with  h  in  inches) 


Q  =  0.317  AS. 


14) 


The  flow  for  all  depths  would  be  through  similar  tri- 
angles, therefore  an  empirical  formula  applies  with  greater 
reliability  to  varying  depths. 

Prof.  Tliomson  claimed  that  "in  the  proposed  system 
the  quantity  tlowing  comes  to  be  a  function  of  only  one 
variable — namely,  the  measured  head  of  water — while  in 
the  rectangular  notches  it  is  a  function  of  at  least  two  vari- 
ables, namely,  the  head  of  water,  and  the  horizontal  width 
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of  the  notch ;  and  is  commonly  also  a  i'xinction  of  a  third 
variable,  namely,  the  depth  fiom  the  crest  of  the  notch 
down  to  the  bottom  of  the  ciiaunel  of  approach." 

When  the  stream  ii3  of  such  miiguitude  as  to  require  a 
considerable  number  of  triangular  notclies  (say  of  90"* 
angles,  or  isosceles  right-angled  triangles)  for  a  single  gauge, 
the  greatest  nicety  Avill  be  required  to  place  the  inverted 
apices  all  in  the  same  exact  level,  so  one  measurement  of 
depth  only  raaj*  suffice  for  all  the  notches. 

The  angles  of  the  notches  in  each  weir  must  conform 
exactly  to  the  angles  of  the  notch  from  which  the  empirical 
formula,  or  aeries  of  coefficients  for  given  depths,  was  de- 
duced. 

For  large  volumes  of  water,  the  great  length  required 
for  a  sufficient  number  of  ncftches,  as  well  as  depth  required 
in  each  notch,  are  often  obataclea  not  easily  overcome,  and 
the  mi'clianieal  refinement  necessary  to  ensure  accuracy  of 
measurement  is  often  difficult  of  attainment 
B  318.  ObHtacles  to  Accurate  Measures. — ^A  correct 
H  measurement  of  the  depth  of  water  upon  a  weir  is  not  so 
easily  obtained  as  might  be  supposed  by  those  unpractised 

I  in  hydraulic  experiments. 
If  the  weir  is  truly  level  and  the  slioulders  truly  vertical, 
which  are  results  only  of  good  workmanship,  and  the 
length  intended  to  be  some  given  number  of  even  feet,  the 
chances  are  timt  only  a  skilled  workman  will  liave  brought 
the  length  within  one,  two,  or  even  three-thousandths  of  a 
I  foot  of  the  desired  length.  Again,  when  the  weir  is  truly 
adjusted  and  its  length  accurately  ascertained,  it  is  not 
easy  to  measure  the  depth  upon  the  crest  within  one  or  t^vo 
thousandths  of  a  foot,  without  excellent  mechanical  devices 
for  the  purpose. 

The  errors  due  to  agitation  or  ripple  upon  the  water  and 
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the  capillary  attraction  of  the  measuring-rod  have  to  "be 
eliminated. 

If  the  graduated  measuriug-rod  is  of  clean  wood,  glass, 
steel,  coppKfr,  or  .any  metal  for  whicli  water  has  an  affin- 
ity, and  its  suilace  is  moist,  or  is  wetted  by  ripple,  the 
water  will,  in  consequence  of  capillarity,  rise  upon  it  above 
the  true  water  level ;  or  if,  on  the  other  hand,  the  rod  is 
greasy,  the  water  may,  in  consequence  of  molecular  repul- 
sion, not  rise  upon  it  to  the  true  surface  leveL 

These  sources  of  error  may  not  be  of  much  consequence 
in  gaugings  of  moiuitain  streams,  when  the  only  object  ia 
to  ascertain  approximattly  the  flow  fi-om  a  given  watershed ; 
but  in  nn^asurenii'nts  of  i>ower,  and  in  tests  of  motoi's,  tur- 
bines, and  punii^s,  they  are  of  consequence. 

Ui)on  a  weir  ten  feet  long,  with  one  foot  depth  of  water 
flowing  over,  an  f^rror  of  one-thousandth  of  a  foot  in  meas- 
urement of  deptli  will  attect  the  computation  of  flow  about 
two  cubic  feet  jter  minute,  and  an  error  of  one-thousandth 
of  a  foot  (about  ^i^  of  an  inch)  in  length  will  affect  the  com- 
putation about  two-tenths  of  a  cubic  foot  per  minute. 

Tli(»so  amounts  of  water  upon  a  twenty-five  or  thirty  foot 
fall  would  have  quite  appreciable  effects  and  value. 

319.  HfHik  Gaujje.— A  very  ingenious  and  valuable 
instrument  for  accurately  ascertaining  the  true  level  of  the 
water  surface,  and  depth  ujwn  a  weir  to  still  water,  was 
invented  by  Uriah  Boyden,  C.  E.,  of  Boston,  and  used  by 
him  in  liydraulie  experiments  as  early  as  the  yinr  1840. 

This,  shown  in  one  of  its  forms,  in  Fig.  48,  is  commonly 
termed  a  /took  gauge. 

This  gauge  renders  cajjillary  attraction  a  useful  aid  to 
detect  error,  instead  of  being  a  troublesome  source  of  •»rror. 

Tlie  instrument  is  firmly  secured  to  solid  substantial 
beams  or  a  masonry  abutment,  so  that  it  will  be  susjwnded 


ft  ^CMfOlMT  al* 

and  tiw^  nat<«iMi  oCli^  fbcw 
■Ace  is  ^i%iff%<l  and  fVT^rqito 
Tlie  Bcrvw  is  tiMi  tui  br  tv- 
and  die  point  sB^fctlr  K>w«>nx] 
to  tLe  tnie  suifkce. 

In  ordinanr  ligfats»  diflR»vocr«  i>f 
0.001  of  a  foo«  in  level  of  the  wator  aiv 
easilj  detected  by  aid  of  tlio  hook« 
and  even  0.0001  of  a  foot  by  aii  ex|H*- 
rienced  observer  in  a  favomble  light. 
Sacb  gauges  aivonlinatily  gmdn 
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ated  to  hundredths  of  a  foot  and  are  provided  with  a  ver- 
nier indicating  thousandths  of  a  foot,  and  fractions  of  this 
last  measure  may  be  estimated  with  reliability, 

320.  Rule  Gauge. —  For  rougher  and  approximate 
measures  a  post  is  set  at  an  accessible  point  on  one  side  of 
the  channel,  above  the  weir,  and  ita  top  cut  off  level  at  the 
exact  level  of  the  weir  crest. 

The  depth  of  the  water  is  measitred  by  a  rule  placed 
vertically  on  the  top  of  this  post  and  observed  with  care. 

331.  Tube  and  Scale  Gauge. — For  summer  meas- 
ures, a  pipe,  say  three-fourth  inch  lead,  is  passed  from  the 
dead  water  a  little  above  the  weir,  through  or  around  the 
weir,  and  connected  to  a  vertical  glass  water  tube  set  below 
the  weir  at  a  convenient  point  of  observation.  Tn  such  case 
a  scale  with  fine  graduations  is  fastened  against  the  glass 
with  its  zero  level  with  t!je  weir.  With  such  au  arrange- 
ment quite  accurate  observations  can  be  taken,  as  the 
watfir  in  a  three-quarter  inch  tube  'will  rise  to  the  level  of 
the  water  above  the  weir  over  the  open  mouth  of  the  tube, 
due  precautions  being  taken  to  keep  sediment  out  of  the 
tube. 


I 
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Fig.  9 
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CHAPTER  XT. 

PLOW    OF   WATER   IX   OPEN    CHAXNEIA 

322.  Gravit>  tin*  Origin  of  Flow.— Gravity  tends  to 
canse  motion  in  all  bodies  of  vrater.  Its  effects  npon  the 
flow  of  water  VTider  pressure  have  been  already  discassed 
i^Chap.  XllI),  as  have  also  the  effects  of  the  reactions  and 
cohesive  attractions  that  retard  its  flow. 

The  same  influences  control  the  flow  of  water  in  open 
channels. 

Tlie  fluid  particles   are   attracted  toward  the  earth's 
itre  along  that  })ath  where  the  least  resistance  is  op- 
posed. 

An  inclination  of  water  surface  of  one-thousandth  of  a 
»t  in  one  foot  distance  leaves  many  thousand  molecules 
water,  but  partially  supported  u|>on  the  lower  side,  and 
they  fidl  freely  in  that  direction,  and  by  virtue  of  their 
weight  press  forward  the  advanced  particles  in  lower  planes, 

Fza.  4». 


If  water  is  admitt^^d  fi*om  the  reservoir  yl,  into  the  open 
canal  B  (Fig.  49),  until  it  rises  to  the  level  bb\  it  vnll  there 
stand  at  rest,  although  the  bottom  of  the  channel  is  in- 
clined, for  its  surface  will  be  in  a  horizontal  plane.    The 


300 


FLOW   OF   WATEH  IN   OPEN   CHANNELS. 


resistances  to  motion  upon  opposite  inclosing  sides,  and 
also  upon  opposite  ends»  l)alauce  each  other.  Tlie  alge- 
hraic  sum  of  honzontal  reactions  from  the  vertical  end  W, 
is  exactly  equal  to  the  sum  of  the  horizontal  reactions  from 
the  inclined  bottom  db\  for  the  vertical  projection,  or  trace 
of  the  inclined  an.*a,  db\  exactly  t^quals  the  vertical  area  bd. 

The  same  equilibrium  would  have  resulted  if  the  bot- 
tom had  been  horizontal  or  inclined  downward  from  d  toy, 
and  a  vertical  weir  placed  at/Z*',  for  the  horizontal  reaction 
froni/&'  would  have  been  balanced  by  the  sum  of  the  hori- 
zontal reactions  from  bd  and  df. 

A  destruction  of  equilibrium  permits  gravity  to  generate 
motion. 

If  a  constant  volume  of  water  is  permitted  to  flow  from 
the  reservoir  A  into  the  channel  B^  the  water  surface  will 
rise  above  the  level  hb\  wlien  there  will  be  less  resistance  at 
tlie  end  b'  than  at  d,  and  the  fluid  particles,  impelled  by  the 
force  of  gravity,  will  flow  toward  6'.  When  motion  of  the 
water  is  fully  established,  and  the  flow  past  b  has  become 
uniform,  there  will  i-esalt  an  inclination  of  tlie  surface  from 
a  toward  a\  This  inclination,  being  a  resultant  of  a  con- 
stant force,  gravity  may  be  used  as  a  measure  of  the  por- 
tion of  that  force  that  is  consumed  in  maintaining  the 
velocity  of  flow. 

323.  Resistances  to  Flow. — Let  the  channel  be  ex- 
tended from  h'  (Fig.  49)  indefinitely,  and  with  uniform  in- 
clination, as  from  a  to  ^  (Pig.  60).  Some  resistance  to  flow 
will  be  presented  by  the  roughness  and  attraction  of  the 
sides  and  bottom  of  the  channel. 

If  the  sides  and  bottom  are  of  uniform  quality,  as  re- 
spects smootlmess  or  roughness,  the  amount  of  their  resiat- 
ance  in  each  unit  of  length  will  be  proportional  to  the  sum 
of  their  areas,  plus  the  water  surface  in  contact  with  the 
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m\ 


^ 


to 


reduced  by  au  experimental  fractional  ccH*fficient ;  and 
the  square  of  the  velcx;ity  of  flow  paat  tiieiu ;  and  in- 
Tentt>ly  to  the  stKJtiou  of  the  stream  flowing  past  theoL 

The  exact  resistance  duo  to  the  air  perimeter,  has  yet  to 
be  8ex>arated  and  classified  by  a  series  of  careful  experi- 
ments, but  we  may  assume  that  the  resistance  of  calm  air 
for  each  unit  of  fn^e  surfiacu  will  not  exceed  ten  per  cent  of 
that  for  like  units  of  the  bottom  and  sides  of  sinooUi  chan- 
nels, and  will  bear  a  less  ratio  for  rough  cliannels. 

The  air  perimeter  resistance  will  be  increased  by  oppos- 
ing and  lesseutxl  by  following  winds. 

Let  R  be  the  sum  of  resistances  from  the  sides,  bottom, 
and  surface,  in  foot  pounds  per  stMiond  ;  C,  the  contour,  or 
wetted  area  of  sides  and  bottom,  and  c,  the  width,  or  sur- 
lu^e  perimeter,  in  square  feet ;  >&  the  sectional  area  of  the 
stream,  in  square  feet ;  and  ??,  the  mean  velocity  of  flow  of 
th**  stream,  in  feet  per  second ;  then  we  have  for  equation 
of  resistance  to  flow,  from  sides,  bottom,  and  surface,  for 
e  unit  of  length  ; 


< 


R  = 


8 


X  (m)  .- 


and  for  aay  length,  /,  iii  liiu-al  feet, 


R^ 


C  +  Ac. 

S 


29 


(1) 


(») 


334.    Equatioiift   of   Itesintauce    and    Volocltj'.— 

Wien  the  surface  of  the  water  is  level  the  entire  force  of 
IBjavity  act^  through  it  as  pressure,  but  when  the  siufncc  is 
iocUiied,  a  portion  of  the  pressure  is  converted  into  viotifm. 
Motion  is  measured  by  its  rate  or  distance  passed  through 
ill  the  given  unit  of  time,  and  the  rate  is  expressed  by  the 
term  velocity. 
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In  Pig.  50,  let  a!k  be  the  inclination  of  the  water  Burfiace 
in  a  unit  of  length  of  the  stream,  then  a"k  will  be  its  ver- 
tical distance  and  Ic'k  its  1  horizontal  distance. 

The  effective  action  of  gravity  g  to  maintain  motion,  or 
velocity  of  the  water,  is  dependent  on  this  slope,  and  the 
slope  is  usually  indicated  by  a  ratio  of  the  vertical  distance 
to  the  horizontal  distance. 


Fzo.  60. 


—a 


Let  h"  be  the  vertical  distance  a"k  and  I  be  the  hori- 
zontal distance  k'k^  and  i  the  slope,  or  sine  of  the  inclina- 

h" 
tion,  then  the  ratio  of  slope  is  i  =  -j-' 

If  the  sides  and  bottom  of  the  channel  opposed  no  resist- 
ance to  flow,  then  the  velocity  m  should  be  accelerated  in 
the  length  k'k  an  amount  equal  to  the  V2gh"y  but  the  flow 
being  uniform,  the  sum  of  the  resistances  in  I  just  balance 
the  accelerating  force  of  gravity  g^  and  the  velocity  v  con- 
tinues from  a*  to  k  at  the  same  rate  that  had  already  been 
established  when  the  stream  reached  a',  which  was  due  to 


some  height  aa!  =  h=^ 


2^" 


By  transposition,  we  have  v  —  V2gh, 

If  the  sum  of  the  resistances  in  the  length  Ar'A' balance 
the  acceleiating  force  due  to  the  head  a"k  =  A",  then  we 
have 
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The   inverted   fractional   term 


8 


Section     . 
Contour*  '® 


C-f.lc. 

termed  in  open  channels  the  hydraulic  mean  deptli,  and 
the  letter  r  is  used  to  express  it.     Since  /  expresses  the 

value  of  the  sine  qf  tJie  slope  =  -^,  we  have 


Kt» 


h" 


Imv' 
2^- 


(6) 


The  total  head  /7 equals  the  heights  aa'  +  a"'k  ='h  +  h". 


liud 


^9     "^gr 


%  — 


\-\-m 


2/ 


(7) 


(8) 


In  long  canals  and  rivers,  with  slopes  not  exceeding 
three  feet  per  mile,  the  velocity  head  li  is  usually  insig- 
nificant compared  with  the  frictional  head  K\  and  may  be 
neglected  in  the  equation. 

When  the  rate  of  flow  is  uniform,  A  is  a  constant  quan- 
tity, independent  of  the  length,  and  when  the  mean  velocity 
is  known  may  l)e  taken,  by  inspection,  from  the  table  of 
*' Heads  (li)  due  to  given  Velocities,"  page  264. 

The  frictional  head  K'  increases  with  the  length,  hence 
the  term  I  in  the  equation  of  A". 


a 
*  In  full  pipes  ^  equals  tho  sectional  ska  divided  by  Uie  fuj]  circumfer- 
C 

eac«,  and  is  termed  ilic  hydraviic  mean  radius  (g  208),  but  in  open  cliannel? 

the  fttht&ur  lA  the  wf^ttc^i  pnTimeter :  that  is,  the  Bum  of  the  aides  and  bottom 

and  air  stuface  in  contact  with  the  water. 
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The  mean  velocity,  which  multiplied  into  tlie  sectional 
area  of  the  stream  will  give  the  volume  of  discharge,  is  a 
quantity  often  sought. 

Neglecting  the  value  o^  A  =  ^,  which  has  given  the 

stream  its  resultant  motion,  and  taking  the  fonnola  for  A", 
the  head  balancing  the  resistance  to  flow, 


r  = 


in  feet. 


and  we  have  by  transposition. 

In  which  ^  =  mean  velocity  of  all  the  films,  in  feet  per  sec 
r  =  hydraulic  mean  depth  =  p^.^-, 

i  =  sine  of  inclination  =  y  in  feet 

g  =  325. 

7»  =  a  comprehensive  variable  coefficient 
0  =  wetted  earth  perimeter. 

c,  =  surface  (air)   perimeter,    taken   at   0.1c,   for 
smooth  channels,  or  0.05c«  for  rough  channels^ 
I  =  length,  referred  to  a  horizontal  plane. 
A"  =  vertical  fiill  in  the  given  length. 

325.  Equation  of  rnclinatioii. — If  tlie  flow  is  to  be 
at  some  predetermined  rate,  and  it  is  desired  to  find  the 
inclination,  or  slope  to  which  tbe  given  velocity,  for  the 
given  hydraulic  mean  radius,  ia  due,  then  we  have,  by 
transposing  again, 

(10) 


2gf 


^^ 
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The  member  v,  refers  to  the  mea-n  motion  of  all  the  fluid 
threads,  or  the  rate  which,  multiplied  iuto  the  section  of  the 
stream,  gives  the  volume  of  flow. 

'S2(j.  Coefficients  of  Flow  for  C  ImnuelH.— Tlie  value 
of  the  coefficient  of  flow  m,  is  very  variable  under  the  influ- 
ences of 

(a.)  Velocity  of  flow,  or  inclination  of  water  surface ; 

(5. )  Hydraulic  mean  depth  ; 

(c)  Mean  depth ; 

(d.)  Smoothness  or  roughness  of  the  solid  perimeter; 

(e.)  Direction  and  force  of  wind  upon  the  water  surface. 

A  complete  theoretical  formula  for  flow  in  a  straight, . 
smooth,  symmetrical  channel  sliould  have  an  independent 
coefficient  for  each  of  these  influences,  and  other  coefficients 
for  influences  of  bends,  convergence  or  divergence  of  banks, 
and  eddy  influences;  but  such  mathematical  refinement 
belongs  oftener  to  the  recitation  room  than  to  exi)ert  field 
practice. 

The  comprehensive  coefficient  m,  for  oi)en  channels, 
which  includes  all  these  minor  modifiers,  is  inconstant  in  a 
d^ree  even  greater  than  the  coefficient  m  for  full  pipes, 
which  we  have  already  discussed  (§  270.  Peculiarities  of 
the  Coefficient  of  Flow),  to  which  the  reader  is  here  referred. 

Experience  teaches  that  jn  is  less  for  large  or  deep,  than 
for  small  or  shallow  streams;  for  high  velocities,  than  for 
low  velocities ;  and  for  smooth,  than  for  rough  channels. 

Kutter  adopted,*  for  open  channels,  the  simple  formula 
tj  =  cVV/,  and  divided  the  values  of  c  iuto  twelve  classes, 
to  meet  the  varying  conditions,  from  small  to  great  velocities 
and  sections  of  streams,  and  from  smooth  to  rough  sides 
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^^^r       and  beds  of  cliannels.    His  c  corresjwnds  to  V^  -^,  as  herein 
^^^H       employed,  and  a  portion  of  its  values  are ;                              ■ 
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^^H             32T«  Observed  Data  of  Flow  in  Cbanuels.— Letnsl 

^^^1       deduce  the  several  values  of  m  from  various  actual  meas- 
^^^B       urements  of  streams,  and  seek  its  curve  of  mean  values,  so 
^^^B        that  when  it  is  a  divisor  of  the  simple  fundamental  equation 
^^^H        V  =  f''2yr/,  we  shall  have  some  degree  of  confidence  in  the  ■ 
^^^H        use  of  this  simple  equation  for  channels  and  small  streams.  1 
^^^B        For  this  purpose  we  will  select  at  random  from  data  given 
^^^H        by  Messrs.  Humphreys  and  Abbott^  1861 ;  M.M.  Dart^y 
^^^1        and  Razin,  1865;  M.  Ileinr  Gerbenau,  1867;   and  sundry 
^^^B       reports  of  U.  S.  Engineer  Corps,  and  compute  the  experi-  ■ 
^^^H       mental  value  of  m  for  e^ach  case.*                                           1 
^^^H             It  will  be  observed  that  the  data  cover  ranges  as  foUows : 
^^^B       Oi  sectional  area^  fi*om  9.5  to  15911  sq.  feet;  oi  hydrauilc  _ 
^^^H        mean  depth,  from  .96  to  15.9  feet;  and  of  velocity^  from  | 
^^^B       .817  to  4.689  feet  per  second,  or  from  three-quarters  to  about 
^^^B       three  and  one-quarter  miles  per  hour.                                      M 

^^^^H               *  The  same,  with  additional  data  for  larf^  riven,  bas  been  need  b;  General  fl 

^^^H          H.  L.  Abbott,  in  a  pa(M>r  upon  Quu^n^  of  Uivere.  for  the  purpow  of  legixn^  ■ 
^^^^H          the  new  (Humphreys  and  Abbott)  formula  for  flow  of  riven,  cuCtf  Jour,  rrana-  1 
^^^H          lio  Institute.  May.  1873.                                                                                             fl 
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TABLE     No.     74. 
Observed  and  Computed  Flows  in  Canals  and  Rivers. 


(■■=)^(' "" " 


i^o- 


Nam*  or  9nmAti. 


Feeder  Chuilly , 

H  41 

M  (I 

*t  (4 

W  *l 

Feeder  Grobofai 

H  »• 

tl  »> 

•  4  «l 

•  •  U 
l>  4« 

Speyetbach 

ILwiter  C«ihL 

f^uUcb       

It 
It 
C.  and  67c.  Feeder 
River  Heine 

Seine.. ...„*. .r...!'r, 
B   Lft  Foerche 

Seine V,]'.'.. 

RMai!.'!".";!.";!!! 

Upper  IdriMlpCil.. 


Sf./L 
II.3 

;« 

iS.8 

J9  4 
*s.a 

a*-9 
•7.a 
i&t 
it.8 

ir.i 
•3.0 

S:§ 

30.8 
32.0 
joa 

&.1 
96.; 
119.0 

H8.5 
1978 

3738 

4431 

037a 
8034 
95M 
14150 
15^1 


«  3 


Fiit. 


"3 

tj.B 

I4.« 

HI 
<5-9 
loa 
11.3 
n.S 
14.1 
14.1 
"S-7 
17.3 
»7} 
.9.7 
ao.o 

61.3 
71.8 

505 
161.6 

53-4 
349 

«3« 

938 
40s 
439 

^» 

1458 
161a 


c. 


0.96 
104 

i.at 
1.38 
MI 
1.41 

::iJ 

a.98 

1.63 
1.71 

% 

I -34 

1.83 
'.38 
».34 
3.70 
37« 

::n 

5.7« 

5.70 
>5.7 
i3Ji 
»5.7 
10.9* 
•4-5° 
J5.90 
>8.40 
9.71 
9-B7 


C  ft 


0969 
1.667 
1.996 

1. 81s 
1.959 

t.Sio 
0.084 
0.817 

1.336 

'.434 
1.746 
1.683 
1.467 

1.134 

a.iod 
■.155 

1.970 

1.733 

3.03a 

».495 
3-997 

a.5S8 
9.C04 
.,769 
a.84| 
3.078 
3-7'4> 

4!6Sa 

4.689 
a-910 
a.94t 


F. 


^1 


*3»l$ 
.o3»»7 

.00381 
•oe7»9 
j»36» 
•oa54* 

rfMllS 
.cei3o 

^36 1 7 
■031 SS 
.o«»74 

iotite 
.D1917 
.01465 
.01974 
.01408 
.00757 
.01754 
.01983 
.02585 
.osa43 
.018 1 1 

.01864 
.00869 

U>io63 

.0057a 
.00383 
.00481 
.00709 
.C0730 
.ocAoi 
.00068 
.00828 
.00544 


>-547 
I.a75 
t.936 
>.794 
s.a6a 
1.9JO 
1.496 
1.003 
o,8sa 
1.378 
1.50a 
1.617 
1.585 

1.8)1 

1.381 

l.4aa 
©•743 
"•934 
»-934 


3- 5*3 
3^5*7 
8,146 
3.B1B 
a.3rf 
a.  107 
3.110 
a.311 
3.145 
3-8io 
3.069 
e.3a6 
5.99< 
3-037 
■•554 


328.  Table  of  CoefficiciitH  for  Channels.  —  From 
the  experimental  results  we  deduce  the  following  values  of 
m  for  the  given  hydraulic  mean  depths.    Since  %g  is  a  con- 

itant,  w©  have  also  the  coiTesi>onding  values  a  /^, 

V  w* 
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TABLE     No.    75. 

Values  of  m  for  Open  Channels,  and  Values  of 
FOR  Given  Hydraulic  Mean  Depths. 


s 

M. 

^■- 

1          s 

M. 

/i 

.25 

.0500 

35.89 

7 

.0096 

81.90 

•3 

.O47S 

36.70 

7-5 

.0092 

83.66 

•4 

.0440 

38  35 

8 

.0088 

85 -54 

•5 

.O40S 

39-73 

^S 

.0085 

87.04 

.6 

.0378 

41.37 

9 

.0081 

89.16 

.7 

•0353 

42.71 

9-5 

.0077 

91-45 

.8 

•^:i^^ 

44.04 

10 

.0074 

93-28 

•9 

.0312 

45-43 

II 

.0068 

97-31 

1.0 

.0298 

46.49 

12 

.0064 

100.30 

125 

.0260 

49-77 

13 

.OO5S 

105.36 

«5 

.0234 

52  46 

14 

<oo54 

109.21 

2 

.0197 

57-<7 

15 

.0049 

114-65 

a-5 

.0172 

61. 19 

16 

.0043 

122.37 

3 

•0153 

64.87 

17 

.0040 

126.88 

3-5 

.0137 

68.56 

18 

.0036 

133-77 

4 

,0127 

71  .31 

'9 

•0033 

139-69 

4.5 

.0118 

73-87 

30 

.0030 

M6.53 

5 

.0112 

75  33 

21 

.0029 

149.04 

5-5 

.0107 

77-58 

22 

.0027 

15444 

6 

.0102 

79.46 

23 

.0025 

160.49 

6.5 

.0099 

80.65 

25 

.0020 

179  44 

These  values  of  m  and  of 


—  were  inserted  in  the 
m 


dmple  fonnuLa,  v  =  j v/  -^  - Vri} ,   and  were  used  for  a 

test  to  compute  the  velocities  in  the  column  G,  of  the  above 
table  of  experimental  data.  The  computed  velocities  may 
there  be  compared  with  the  observed  velocities.  The  reKults 
are  satisfactory,  if  the  exceeding  difficulty  of  securing  an 
accurate  measurement  of  mean  velocity  of  the  stream  and 
the  probability  of  small  errors  are  considered. 


'ARIOUS  FORMULAS   OF  FLOW  COMPARED. 


I 


The  velocities  in  the  experimental  table  above,  cover  the 
range  in  ordinary  practice,  excepting  the  extremes  of  floods 
and  droughta.  The  values  of  m  are  for  the  mean  range  of 
velocities  there  given.  A  considerable  increase  of  velocity 
would  reduce,  or  of  roughness  of  channel  would  increase, 
the  value  of  m  for  its  given  hydraulic  mean  depth.  The 
influences  of  bends  and  eddies  are  to  he  eliminated  from  the 
formula,  since  the  formula  applies  to  a  straight,  smootli, 
s^Tnmebical  channel. 

Jackson  gives,'  from  Darcy,  Bazin,  (xauguillet,  and 
Kutter,  variable  coefficients  for  the  channel  eurfaces  named, 

I  as  follows.    (These  appear  to  be  applicable  to  a  coustant 
value  of  r,  equal  to  about  2.6.) : 
.018,  Well-planed  plank. 
.020,  Glazed  pipes,  or  smooth  cement  lining. 
.022,  Smooth  cement  and  sand  mortar  lining. 
.024,  Unplaned  phink. 
.026,  Brickwork  and  cut-stone  lining. 
.034,  Rubble  masonry  lining. 
.040,  Canals,  in  very  Arm  gravel. 
^,060,  Rivers  in  earth,  free  from  stones  and  weeds. 
^.0T0»       "       with  stones  and  w*»eds  in  great  quantities. 
329.  Various  Fomiiilaa  of  Flow  Coinpare<i.— To 
I        compare  this  simple  formula,  having  its  variable  7;i,  with 
i|       some  of  the  more  complex  formulas,  in  the  forms  in  which 
I        they  are  generally  quoted  in  text-books  and  cyclopedias, 
four  experiments  are  taken  from  the  table,  having  their 
I        liydraulic  mean  depths  and  sectional  areas  of  inean,  mini- 
mum, and  maximum  values,  and  their  velocities  are  com- 
puted by  it.    The  velocities  are  then  computed  by  well- 
i        known  formulas  upon  the  same  data.    The  results  are  given 
in  the  following  table : 


*  Hydraulic  Manuml.     Lx>Ddoa.  1876. 
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TABLE     No.    7e. 
Formulas  for  Flow  of  Water  in  Channels,  to  find  the  Velocity, 

Compuing  results  ^ven  by  the  serend  formulas. 


AUTHOBTTV. 


BQ-  f  »>.  i  3*4 

Du  BvM 


Ertelwein,.. 
Glnrd 

D'Aubuiiawill. 

Neville 

Lealie 


FcucitutAS' 


-^1^-}* 

P  _  88.51  fr*- J031 

V  —  (8975.431-1  +  ^QITjBg)'  — .loB^..., 


-.aMi^^eg) 


p  =  {%^$6f,^ri  +  3,67)*— i.4t,  »**..,..,* 

V  =  (io6o^,t)ari  *  ,0556)'  -",B3<S,.„  ..,,,.„, 

u  =  (SsTft-sn"  ^-  .01*)*  —  . log * , 

fr  ==  140  trf)^  —  11  {«!*......»..*. 

'Vr' 

..=   |rooco^|t... 

v^iooVr/ »....■-** .>. 

Dwcy    .ndP     ^^r1         "^         t* 

c^4.j9Vi^(0*-^-  — '- 


BeiLrdmDTe. . , 


M^  Hsgen.. 

I  luEnphreyi 

ftod  Abbott 


■  > 
a  3 

U 


in/t. 

ptr 
int. 


l,to9 

1. 161 

•■151 

r.«37 
I. aye 


Com- 

VtliK. 

A*- 


3.184 
•.489 
3<353 

3-33* 

3-438 
3494 

■.078 


Qnw- 

in  ft. 

fl-*43 


>^ 

me, 

3.107 

9.411 

1.57* 
a-543 

■'773 
9.^1 

■'330 
a.fi4i 


CnM- 


"-479 
941)8 

9.ti>a7 
a. 6*7 

3,583 

4s5a 


*  FeEfiEK  Chazillv.    Area,  "-3  sq.  ft.    HydnuUcmean  depth.  i«4  ft.    IncUiutioii,  .000445. 
Observed  velocity,  0,9*!*  ft- 

LAifTBJi  C-Aj^At.    Area,  564  sq.ft.    Hydraulic  mean  depth,  x.Saft.    lodinatlon,  000664. 
Obierved  Telocity,    106  ft. 

Sbikk.     Ana,  1978  sq.  ft.     Hydraulic  mean  depth,  s-yoft.     Inclination,  .0001*7.    Ob- 
served  velocity  3,094  ft. 

f  0,  La.  Foluchf.    Area,  37^  sq.  ft.    Hydraulic  mean  depth,  i5*7ft-    iDdinattoo,  W000044. 
Otnerred  velocity,  3.076  It. 
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In  the  preceding  table,  the  symbols  in  the  formulas  have 
values  as  follows : 

r  =  hydraulic  mean  depth,  in  feet. 
i  =  inclination  of  surface  in  straight  channel,  in  feet. 
I  =  length,  in  feet. 
A"  =  head,  or  fall  in  the  given  length,  in  feet 
8  —  sectional  area  of  stream,  in  square  feet 
C  =  wetted  solid  perimeter,  in  feet 

V  =  mean  velocity  of  stream,  in  feet  per  second. 

In  the  Humphreys  and  Abbotts'  formula,  the  symbols 
have  values  as  follows : 

a  =  sectional  area  of  stream,  in  square  feet 

1  6d 

^  =  a  function  of  depth  =    . 

^         V^r  +  LS 
p  =  wetted  perimeter. 

r  =  mean  hydraulic  depth. 

i  =  inclination  of  surface  of  stream,  corrected  for  bends. 
W=  width  of  stream. 
v'  =  value  of  first  term  in  the  expression  for  v, 

V  =  mean  velocity  of  stream. 

330.  Velocities  of  Given  Films.— Since  the  chief 
►urce  of  resistance  to  flow  arises  from  the  reactions  at  the 
perimeter  of  the  stream,  along  the  bottom  and  sides,  A,  B, 
B^  A',  Fig.  51,  and  in  a  small  degree  along  the  surface 
A^  A\  in  contact  with  the  air,  it  is  evident  that  the  points 
of  minimum  velocity  will  be  along  the  solid  perimeter,  and 
the  point  of  maximum  velocity  will  be  that  least  influenced 
by  the  resultant  of  all  retarding  influences.  In  a  channel 
of  symmetrical  section,  the  point  of  maximum  velocity 
should  be,  according  to  the  above  hypothesis,  on  a  vertical 
line  passing  through  tlie  centre  of  the  section  and  a  little 
below  tlie  water  suiface,  provided  the  s\irface  was  unin- 
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fluencod  by  wind.  The  velocity  measurements  of  Darcy 
and  Bazin^with  an  improved  "Pitot'^  Tube,  locate  the 
thread  of  maximum  velocity  in  a  trapezoidal  channel,  at  a» 
Fig.  61 ;  a  nearly  concentric  film  of  lesser  velocity  at  i,  and 
other  films,  decreasing  regularly  in  velocity,  at  c,  d,  e,  f, 
and  g. 

If  the  velocities,  at  the  depths  at  which  the  given  films 
cross  a  vertical  centre  line,  are  plotted  as  ordinates  Irom  a 
vertical  line,  as  at  a,  6,  c,  etc.,  Pig.  52,  their  extremities  will 
lie  in  a  parabolic  curve,  and  tlie  degree  of  curvature  will  be 
less  or  greater  as  the  velocity  is  less  or  greater,  and  as  the 
bottom  is  smoother  or  rougher,  for  the  given  section. 
Velocity  ordinates^  plotted  in  the  same  manner  for  any 
horizontal  section,  as  in  the  surface,  or  tlirough  i,  a,  ft,  o, 
etc.,  Fig.  51,  will  also  have  their  extremitiea  from  shore 


nearly  to  the  centre  in  pai-abolic  cuives,  the  longest  ordi- 
nate being  near  the  centre  of  breadth  of  the  canal,  and  the 
two  side  parabolas  being  connected  by  a  cun'c  more  or  less 
flat,  according  to  breadth  of  canal.  In  Fig.  51,  d  indicates 
the  film  of  mean  velocity,  and  it  cuts  the  central  vertical  line 
at  nearly  three-fourths  the  depth  from  the  surface.  In 
deep  streams,  or  channels  in  eartli,  it  is  usually  a  little 
below  the  centre  of  depth. 

*  Tomo  XIX  de!)  Mpmolrcs  presentes  pardiverB  Sswita  k  rinntitot  Impe- 
rial de  France,  PlaucUo  4. 
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33L  SurtUce  Velocities.— The  velocity  of  the  centre 
of  the  surface,  in  symmetrical  channels,  or  of  the  mid- 
channel  in  unsymmetiical  sections,  is  that  most  readDy 
obtainable  by  simple  experiment. 

For  such  velocity  obsen'ations  a  given  length,  say  one 
hundred  feet  of  the  smoothest  and  most  symmetrical 
straiglit  channel  accessible  is  marked  off  by  stations  on 
both  banks,  and  a  wire  stretched  across  at  each  end  at 
riglit  angles  to  the  axis  of  the  channel.  Thin  cylincbical 
floats  are  then  put  iu  the  centre  of  the  stn^am  a  short  dis- 
tance above  the  upper  wire,  by  an  assistant,  and  the  time 
of  their  passing  each  wire  accurately  noted. 

A  ti'ansit  instniment  at  each  end  station  is  requisite  for 
very  close  observations.  A  small  gong-bell,  on  a  stand  or 
post  beside  the  transit,  is  to  be  struck  by  the  obsen^er  the 
instant  the  centre  of  the  float  passes  the  cross-hair,  or  a 
signal  is  to  be  transmitted  by  an  electric  currt*nt,  and  the 
time,  noted  to  the  nearest  quarte>second  by  a  skillful 
assistant,  is  to  be  n^corded. 

The  floats  are  sometimes  of  wax,  weighted  until  its 
specific  gravity  is  near  unity ;  sometimes  a  short,  thick  vial^ 
corked,  and  containing  a  few  shot  or  pebbles ;  and  some- 
times a  thin  slice  of  wood  cut  from  a  turned  cylinder,  which 
for  small  channels  may  be  two  inches  diameter.  For  large 
rivers,  tlie  float  may  be  a  sliort  keg,  with  both  heads  in 
place,  and  weighted  with  gravel  stones.  The  float  is  to  be 
loaded  so  its  top  end  will  be  just  above  the  surface  of  the 
water.  In  broad  sti-eums.  a  small  flag  may  be  placed  in  the 
centre  of  the  float. 

If  a  number  of  floats  are  started  simultaneously  at 
known  distances  on  each  side  of  the  axis  of  the  channel, 
they  should  have  each  a  special  color-mark  or  conspicuous 
flag  number,  so  that  the  time  and  distance  from  axis,  at 
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each  station,  may  be  correctly  noted  for  each  individnal 
float 

Dn  Buat  made  experiments  with  small  rectangular  aiul 
trapezoidal  channels  of  plank,  141  feet  long  and  abf)ut 
18  inches  wide,  with  depths  from  .17  to  .8&5  feet,  and  veloc- 
ities from  .524  to  4.26  feet,  to  determine  the  ratio  of  the 
mean  velocity  v  of  the  channel  w^ction  to  its  wnitml  surface 
velocity,  V".  From  the  mean  results  he  deduced  the  empi- 
rical formula, 

V  =  (VT'—  .15)'  -f-  .02233.  (11) 

This  gives,  when  I'  is  taken  as  unity, 

V  =  .545  V. 

Pronj'-  afterwards,  reviewing  the  same  experimental  re- 
sults, proposed  the  formula, 


/rj^J^782\ 
^  ~  '  U'  +  10.345/ 


(12) 


Ximenes'  experiments  upon  the  River  Amo,  Raucort's 
upon  the  Neva,  Funk's  upon  the  Wesaer,  Defontaines  and 
Briinning's  upon  the  Rhine,  on  larger  scales,  gave  mean 
velocities  in  a  vertical  line  at  the  centre  equal  to  .915  F, 
which  being  the  maximum  velocity  in  its  horizontal  plane, 
indicates,  if  the  reduction  of  velocity  toward  the  shore  is 
considered,  an  approximate  mean  velocity, 

D  =  .915  (.915  V)  =  .837  F.  (13) 

Mr.  Francis'  experiments  in  a  smooth,  rectangular  chan- 
nel, with  section  about  10  feet  broad  and  8  feet  deep,  and 
velocity  of  4  feet  per  second,  indicates 

V  =  .911  F.  (14) 

In  the  Mississippi  River,  with  depths  exceeding  one 
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hundred  feet^  Messrs.  Humphreys  and  Abbott  occasionally 
found  V  greater  than  V, 

The  Granges  Canal  experiments  at  Roorkee,  in  1875,  by 
Capt.  Cunningliam,  R.  E.,  in  a  i-ectangular  strction  9  feet 
deep  and  85  feet  wide,  gave  the  fnean  surface  velocity 
equal  to  .9277. 

In  any  series  of  rectangular  channels  of  like  constant 
sectional  areas  or  of  like  constant  borders,  it  is  seen,  by 
simple  mathematical  demonstrations,  that  the  hydravlic 

mean  depth  ~  ^5  is  at  its  maximum  when  the  breadth 

equals  twice  the  depth.*  Since  the  velocity  of  flow  in  a 
series  of  rectangular  channels  is  nearly  proportional  to  the 
square  roots  of  their  hydraulic  mean  deptlis,  it  follows  that 
the  proportions  of  sucli  cliannels  most  favorable  for  high 
velocities  is  breadth  equal  twice  depth. 

These  proportions  of  breadth  to  depth  being  adopted 
again  for  another  series  of  rectangular  cliannels  of  vaiying 
section,  the  vt-locities  will  again  be  SHiisibly  proportional  to 
the  square  roots  of  their  hydraulic  mean  depths. 

The  ratio  of  p  to  F  should  be  at  its  maximum  when 
"breadth  equals  twice  the  depth,  and  when  the  section  is  the 
maximum  of  the  given  w^ries. 

333,  Ratios  of  Surface  to  Mean  Velocities,— Let 
d  =  depth  and  h  —  breadth  of  rectangular  cliannels,  then 
letting  depth  be  nnity  for  a  depth  of  8  feet  and  approxi- 
mately between  6  and  12  feet,  and  we  shall  have,  according 
to  the  various  recorded  ex^ieriments,  ajiproximate  values 
of  the  mean  velocity  v  of  flow  in  the  channel,  as  compared 
with  the  central  surface  velocity  V,  as  foUows,  for  smooth 
channels: 


•  The  influence  of  eectional  profile  upon  flow  ia  elaborately  diMusscd  by 
Dowidug,  In  Elexnenta  of  Practical  Uydraulica.  p.  204,  et  acq.    (London,  1675.) 


FLOW 
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CHANNELS. 

Tien 

b  = 

2d 

then 

71  =  .920  F" 

h  = 

•6d 

«  =  .910  F 

b  = 

4d 

V  =  .896  V 

b  = 

5d 

V  ^  .882 r 

b  = 

6d 

T)  =  ,864  V 

b  = 

Id 

V  -  .847F 

b  = 

8d 

»  =  .826  V 

b  = 

9d 

©  =  .804  V 

b  = 

lOd 

?j  =  .7807. 

(15) 


The  values  of  n  should  be  slightly  less  for  trapezoidal 
canals  of  equal  sections,  decreasing  as  tlie  side  slopt^s  are 
flattened.  The  values  of  v  will  decrease  also  as  tlie  bottom 
and  sides  increase  in  roughness.  The  wind  may  enhance 
or  retard  the  surface  motion,  and  thus  affect  the  me;in 
velocity. 

Since  inclination  of  water  surface,  section  of  stream, 
hydraulic  mean  depth,  and  roughness  of  bottom  and  side, 
all  affect  the  final  result  of  flow,  it  is  evident  that  experi- 
ence and  good  judgment  will  aid  materially  in  the  selection 
of  die  proper  ratio  of  v  to  V.  A  misapplication  of  foi-muUe 
that  are  valuable  when  judiciously  used,  may  lead  to  gross 
errors;  as,  for  instance,  Prony's  formula,  deduced  fi-om 
experiments  with  Du  Buat's  small  canal,  gave  result  fifteen 
per  cent,  too  small  wlien  tested  by  the  flow  in  the  Lowell 
flume,  10  feet  wide  and  8  feet  deep,  where  the  volume  was 
proved  by  tube  floats  and  weir  measurements  at  the  same 
time. 

333.  Hydrometer  Gaii^ngrH. — When  opportuni^ 
offers,  the  mean  velocity  for  the  whole  depth  should  be 
measured,  and  thus  some  of  the  uncertainties  accompany- 
ing surface  measures  be  eliminated.  Among  the  most 
reliable  hydrometers  that  have  been  used  for  this  purpose 
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canals  and  tlie  smaller  rivers  may  be  mentioned,  tin  tubes 
f  length  nearly  equal  to  the  depth  of  the  atreani ;  improved 
Pilot  tithes  ;''''  and  '*  WoUmann  tachometersy 

334,  Tube  Gauge.— When  the  velocity  measurements 
re  to  be  takon  with  Fmncis'  tubes  or  Krayejihoff  poles, 
ig.  63,  a  straight  section  of  the  stream  is  chosen,  with 
smootli  symmetrical  channel,  clear  of  weeds  and  obstruc- 
ons.    A  length  of  one  hundred  or  more  feet,  according  to 
ircuinstanrt*3,  is  marked  off  by  stations  at  each  end  on 
ch  bank,  located  so  as  to  mark  lines  at  right  angles  to  the 
.xis  of  the  stream.     A  steel  measuring  chain,  or  wire  with 
arks  at  equal  intervals,  is  then  to  be  stretched  across  at 
h  end.    Tlio  depths  are  then  to  be  taken  across  the  stream 
t  each  end,  and  at  the  centre  if  the  banks  are  warpt^,  at 
own  intervals  of  a  few  foet,  accord- 
\  to  the  formation  of  the  banks  and 
ttom  of  the  stream,  so  that  the  Sec- 
onal area  of  the  stream  shall  be 
ccuratoly  known,  and  may  be  plot- 
The  soundings  are  all  to  refer 
the  same  datum  jireviously  estab- 
hed,  and  referred  to  a  pt*rmanent 
nch  mark  on  the   shore,   which  will    greatly  facilitate 
ture  observations  or  verifications  at  the  same  point. 

The  requisite  number  of  tight  tin  tubes,  of  say   two 
ches  diameter,*  are  then  to  be  prepared,  one  for  the  axis 
the  stream,  and  others  for  short  successive  intervals  on 
aide  of  the  axis,  all  to  be  duly  numbered  for  their 
tive  positions.     The  length  of  each  is  to  be  such  that 
will  float  just  clear  of  the  lx)ttom,  and  exten<i  hi  a  little 
^bove  the  water  surfact\     The  tube  is  to  be  loaded  at  one 


Fig.  53 


Tabea  40  feet  loiig.  8  inchp!<i  diaiueter.  made  up  ia  wrUoos,  bave  beeu 
bj  the  United  StuteR  CoaHt  Surrey  Staff. 
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end  with  fine  shot  or  sand,  tmtiJ  it  Las  the  proper  sub- 
mei^geDce  iii  a  vertical  position. 

The  several  tubes  ai-e  to  be  started  by  signal,  simultane- 
ously if  possible,  from  a  short  distance  above  the  upper  end 
station,  so  that  they  may  cross  the  upper  station  as  nearly 
as  possible  at  tlie  same  instant.  Their  arrivals  at  the  lower 
stations  are  to  be  carefully  noted,  and  the  time  of  transit  of 
each  recorded. 

When  the  experiment  has  been  several  times  repeated, 
the  central  and  other  tubes  may  be  passed  down  singly,  if 
the  volume  of  the  stream  still  remains  coustant,  to  verify  the 
first  observations-  In  the  last  observations,  transits  may 
conveniently  be  used  to  observe  the  passage  by  the  stations, 
as  suggested  above  for  observing  surface  floats. 

Suppose  the  stream  to  be  dividt^  transversely  into  seven 
sections,  as  in  Fig,  64,  then  tubes  1, 2, 3,  etc.,  may  be  started 

Fia.  54. 


in  the  centres  of  their  respective  sections.  The  d^ree  of 
accuracy  with  which  they  will  move  along  their  intended 
courses  will  depend  upon  the  symrat^trical  rcgnhirity  of 
flow,  and  very  much  upon  the  regularity  of  the  sid**  banks, 
and  several  trials  may  be  necessary  to  get  satisfaototy 
side  and  even  central  measTU^mente,  since  a  slight  obstruc- 
tion, or  a  stray  boulder  upon  tiie  bottom,  may  distort  the 
fluid  threads  in  an  imaccountable  manner.  The  side  floats 
have  also  a  tendency  away  from  shore. 

The  mean  area  of  each  of  the  sub-sections  being  known, 
and  the  mean  velocity  through  each  being  ascertained, 


GAUUE  POfUlULAS. 


319 


I 


their  product  gives  the  volume  flowing  through,  and  the 
sum  01*  vulames  of  the  sub-section  gives  the  volume  for  the 
whole  section. 

When  streams  are  in  the  least  liable  to  fluctuations  from 
the  opeaing  or  closing  of  sluices  above,  or  the  opeiiuig  or 
closing  of  turbine  gates  when  the  stream  is  uaed  for  hy- 
diaulic  power,  a  hook-gauge  (Fig.  48),  should  be  placed 
over  the  axis  of  the  stream  where  the  usual  vibration  of 
surface  is  least,  to  watch  for  sucli  fluctuations,  since  a  vari- 
ation in  the  mean  level  of  the  water  surface  one-liundredth 
of  a  foot  will  appn*ciably  affect  the  velocity  and  volume  of 
flow.  If  the  tubes  have  much  clearance  tliey  will  not  be 
influenced  by  the  films  of  slowest  velocity  next  the  bottom, 
A  clearance  of  six  inches  in  a  rectangular  flume  eiglit  feet 
deep,  may  give  an  excess  of  three  per  cent,  of  velocity. 
The  cross-section  deptlis,  in  canals  and  shallow  streams, 
may  be  taken  with  a  graduated  sounding-rod  having  a  flat 
disk  of  three  or  four  inches  diameter  at  its  foot,  and  in  deep 
streams  by  a  mt^asuiing-chain  with  a  sufficient  weiglit  upon 
its  foot  to  maintain  it  straight  and  vertical  in  the  current 
A  good  level  instrument  and  level  staff  are  requisite,  how- 
ever, for  accurate  work. 

In  broad  streams  the  transvers*?  stations  may  be  located 
trigonometrically  by  two  transits  placed  at  the  extremities 
of  a  carefully  measured  base  line  ujwn  the  shore. 

335.  Gauge  Formulas.— The  volume  of  flow  through 
the  mt'an  transverse  s<?ction  (Fig.  64)  is  rt^quin^l. 

Let  s  be  the  established  length,  or  distance  between  the 
longitudimil  end  stations,  and  /|4A  •  •  .  •  ^«  t'lc  tii/ies  occu- 
pied by  the  several  tubes  in  passing  along  their  respective 
courses  between  end  stations ;  then  the  mean  velocities  in 
the  respective  sub-sections  will  be 

s  s  s  8 


=  Vv 
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Let  the  tnnsrene  breadths  of  the  eub-eectioQB  be,  a,  '<»  a.  .  .  .  .  A., 

"     mefLQ  deplha  **     "  "  *'     d,  d,  rf dn. 

"      "     mean  velocities  io  "  "  "     it,  b,  t) On. 

"      volumra  of  flow  In  "  "    ?»  ?•  ?i  .  •  <     ?«. 

Then  the  whole  sectional  area  in  square  feet,  S,  of  the 
stream  is, 

S=  a^.di  +  flj.d;  +  Os.cL,  + a,. J,;       (16) 

and  tlie  whole  volume  in  cubic  feet,  Q,  is 
Q  =  (f/, .  (/,)  r,  +  {a^ .  <h)  I'a  +  {^3 . «?,)  u.  +  . . .  (a, .  c?J  r. ;     (17) 
and  the  mean  velocity  in  feet  per  second,  y,  of  the  whole 
section  is, 

f=|-  (18) 

The  summary  of  field  notes,  beginning  at  a  on  the  left 
shore,  is : 


Ftet.       fiM.       Fvi. 


Ftti. 


BrcadthAofsub-sectloos  tfi  16.45  d,  a(ux>di  14.85  «,  53 
Memn 'Icnlbsof      '*  U,     4.85  </«    9<74<'-  13.37^,  15 

^sg^x^".':.^':^ '•  -f  ^'^•-  ^''"-  • 


Ftti. 


Volume  in  the  sut>-*eo  \ 


\Cm,JL\  Cu.fl. 


_.   15.664/,   19. 5« 

V|     4.6s  Va      5-00  ri     4.65 

cu./t.\  c*.//.  c^.y/. 


tlons 


[|fft    '79-S^i  74o.a7.«4»^f«»5o8Jf|i7»7-4 


It.  a6.8o«,  18.94, 
rf,    9.ri|rf»    4-79 

/•  97S-fl  yr   <74.7 


f  =  P. 


The  sum  of  the  several  products  of  breadth  into  depth  is 
S  =  1800.675  square  feet. 

The  sum  of  the  several  volumes  is ^  =  7716.73 

The  mean  velocity  for  the  whole  section  is  ^  =  loooflrg 
=  c  =  4.285  feet  per  second. 

If  the  tubes  have  several  inches  clearance  at  the  bot- 
tom, a  slight  rediirtion,  say  two  and  a  half  per  cent,  from 
the  computed  velocity  and  volume  are  to  be  made,  to  com- 
pensate tlierefor. 

336.  Pit^t  Tube  Gauge.— The  Pitot  tube  has  been 
used  with  a  tolerable  degree  of  success  in  many  experi- 
ments upon  a  small  scale.     In  its  best  simple  form  it  has 
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been  constructed  of  glase  tubing  swelled  into  a  bulb  near 

tone  end,  and  with  tube  of  smaller  diameter  below  tie  bulb 
bent  at  a  right  angle,  and  tenninated  with  an  expanded 
trumpet-mouth,  as  in  Fig.  65. 

For  deep  measures  the  mouth  and  bulb  and  a  con- 
venient part  of  the  tube  may  be  of  copper,  that  part  which 
K\  to  project  above  the  surface 
f  the  water  being  of  glass,  and 
uie  whole  instrument  may  be  at- 
tached to  a  veitical  rod,  wliich 
^pests  on  the  bottom,  bo  as  to  be 
slid  up  and  down  on  the  rod  to 
■the  iieights  of  the  several  iilms 
^Srhose  velocities  are  required. 

When  in  use,  the  bulb  and 
tube  are  to  be  held  vertically, 

Kiid  the  small  trumpet-mouthed 
action  exposed  horizontally  to  the  current  so  as  to  receive 
»9  maximum  force  into  the  mouth. 

Tlie  object  of  the  ex]:>ande(l  bulb  and  contraction  below 
fthe  bulb  is  to  reduce  oscillation  of  the  water  within  the  tube 
to  a  minimum. 

I    Theoretically  the  impulse  of  the  current,  acting  as  pres- 
ore  on  the  watei*  within  the  tube,  should  raise  the  surface 
f  the  water  within,  a  height,  h  =  ^r^  above  the  normal 
surface. 

But  ovring  to  reactions  from  several  parts  of  the  tube, 
the  entire  force  of  the  current  does  not  act  upon  the  column 
of  water  in  the  vertical  section  of  the  tube,  hence  the  eleva- 
tion of  the  water  in  the  tube  is  cji  and 


rrrur's  tuu. 


^9 


=  cji  and  z  =  ^2gcji, 


(19) 
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The  coefficient  c„  for  the  given  tube  and  the  different 
velocitieB,  must  be  determined  by  experiment  before  it  can 
be  used  for  practical  measures. 

The  stream  is  cross-sectioned,  as  before  described  for 
the  leading  station  when  long  tin  tubes  are  used,  and 
the  mean  velocity  is  ascertained  from  the  mean  velocity  of 
the  various  superpoaetl  films  taken  in  a  vertical  line  at  the 
centre  of  each  sub-section. 

The  computations  of  volume  are  made  in  a  manner  sim- 
ilar to  those  when  tubes  are  used. 

Pitot  introduced  a  plain  tube  bent  at  right  angles  as 
early  as  1730,  and  by  his  measurements  with  it  in  the  Seine 
and  other  stn-ains,  overthrew  some  of  the  hyi}otheses  of  the 
older  hydraulicians. 

It  has  since  received  a  variety  of  forms  and  entered  into 
a  variety  of  combinations,  among  which  may  be  mentioned 
tlie  *'Darcy-Pitot''  tube,  which,  after  an  instantaneous 
closing  of  a  stop-cock,  can  be  lifted  up  for  an  observation, 
and  the  Darcy  double  tube,  but  there  is  still  difficulty  in 
reading  by  its  graduations  measures  of  small  velocities, with 
sufficient  accuracy,  and  the  capillarity  may  be  a  source  of 
error  in  unskillful  hands. 

The  almost  exclusive  use  of  this  instrument  in  improved 
forms  by  Darcy  and  Bazin  in  their  valuable  series  of  ex- 
perimental observations,  has  given  to  it  prominent  rank 
among  hydrometers. 

337.  Woltinaiin's  Tachometer.— The  most  success- 
ful of  all  the  simple  meclianical  hydrometers,  not  rei|uiring 
the  assistance  of  an  electric  battery,  has  been  the  revolving 
mill  introduced  by  Woltmanu  in  1790,  and  known  as 
*■'  WoUmanTCs  Tachomeler^^  or  TooxilineL  This  current 
meter  has  from  two  to  five  blades,  either  flat  or  like  marine 
propeller  blades,  set  upon  a  horizontal  shaft  as  shown  in 
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Fig.  56,  which  represents  the  entire  instrument*  in  its  actual 
magnitude,  for  small  canal  and  flume  uieusuxes. 

Upon  the  main  axle,  which  cairies  the  propeller,  is  a 
worm-screw,  O,  A  series  of  toothed  wheels  and  piuioua, 
with  pointers  and  dials  similar  to  the  registeiring  ap|>aratus 

Fig.  50. 


WOLTMANM  S  TACHoMITER. 


of  a  water  or  gas  meter,  are  hung  in  a  light  frame,  C,  imme- 
diately beneath  the  main  axle.  One  end  of  the  frame  is 
movable  upward  and  downward,  but  when  out  of  use  is 
"held  down  by  a  spring,  F. 

The  whole  instrument  is  secxired  by  a  set-screw  upon  an 
iron  rod,  A  on  which  it  may  be  set  at  any  desired  height. 


*  Another  form  with  two  bladeei  is  illustrated  in  Bterensoa'a  CaraI  and 
Rirer  Engineering.     Edinburgh,  1872.  p.  101. 
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When  brought  into  practical  use,  the  instrument  is 
adjust^id  uiK>n  the  rod,*  t>o  that  when  tlie  stall*  rests  upon 
the  bottoro,  the  main  axle  will  be  at  the  height  of  the  film 
to  be  first  meaauied.  It  is  then  placed  in  position  witli  the 
propeller  toward  the  approaching  current  and  the  main  axle 
parallel  with  the  direction  of  the  current.  The  propeller 
will  soon  acquu-e  its  due  velocity  of  revolution  from  the 
moving  current,  when  the  movable  end  of  the  frame  cany- 
ing  the  recording  train  is  lifted  by  the  wbe  E^  and  the  first 
tootbed  wheel  brought  into  mesh  with  the  wonn-screw.  If 
the  tmin  dops  not  stand  at  7x*ro,  its  reading  is  to  be  takt^n 
before  the  instrument  is  brought  into  position.  The  times 
when  the  tmin  is  brought  into  mesh  with  the  worm-screw^ 
and  when  disengaged,  are  both  to  be  accurately  noted  and 
recorded. 

I'pon  the  slackening  of  the  wire  E^  the  spring  F,  in- 
stantly throws  the  train  out  of  mesh,  and  it  is  held  fast  by 
the  stud  il,  which  engages  "between  two  teeth  of  the  wheel. 
The  instrument  may  tlien  be  raised  and  the  revolutions  in 
the  observed  time  read  off  In  waters  exceeding  a  few  feet 
in  depth  there  are  usually  pulsations  of  about  one  niinute, 
mon^  or  less,  intervals,  and  the  instrument  should  be  held 
in  position  until  several  of  these  have  passed. 

The  velocities  are  thus  measured  at  several  heights  on 
vertical  centre  lines  in  the  several  sub-sections,  and  the  com- 
putations for  mean  velocity  and  volume  completed  as  in  the 
above  described  cAse  when  long  tin  tubes  are  used. 

The  blades  of  the  propeller  are  usually  set  at  an  angle 
of  about  70°,  or  with  an  equivalent  pitch  if  warped  as  a  pro- 
peller blade. 


*  Several  moalinetii  upon  the  name  staff,  at  known  heighta  between  bottom 
uid  8urftce,  expedite  tbe  work  and  teod  to  greater  accuracy. 


HYDROMETER    COEFFICIENTa 

338.  Hydrometer  Coefficients. — ^The  number  of  revo- 
lutions of  the  main  axle  ia  nearly  proportional  to  the  velocity 
of  the  impinging  current ;  but  then>  is  some  frictional  resists 
ance  oflR^red  by  the  mechanism,  lience  it  is  necessary  that 
the  coefficients  for  the  given  instrument  and  for  given  veloci- 
ties be  established  by  experiment,  and  tabled  for  convenient 
reference  before  it  is  put  to  practicaJ  use.  These  co<:^fficieute, 
which  decrease  in  value  as  the  velocity  increast^s,  may  be 
ascertained,  or  veriiied,  by  placing  the  instrument  sub- 
merged in  currents  of  known  velocity,  or  by  causing  it  to 
move,  submerged,  through  still  water  at  known  velocities. 

An  apparatus  adapted  to  the  last  purpose  is  described 
by  L'  Abbt.^  Bossut,  and  CJusLrated  in  Plates  I  and  11,  in 
"  Expi^rtfl*  De  Bossut/' 

If  the  instrument  is  to  be  tested  in  a  reservoir  of  still 
water,  by  moving  it  with  different  known  velocities  through 
a  given  distance,  let  s  be  tliat  distance,  I  the  time  consumed 
in  passing  the  instrument  from  end  to  end  stations,  //  the 
number  of  revolutions  of  the  main  axle  in  the  given  time  /, 
c.  the  coefficient  of  revolutions  for  the  given  velocity,  and  o 
the  given  velocity. 

Then  ^  =  V]  and  -  =  <?<,;  and  cjn  =  s;  and  ^^  =  v. 

Now  if  the  instrument  is  placed  in  a  current,  and  n  is 
the  observed  number  of  revolutions  in  the  given  time,  c,  may 
be  taken  from  the  table,  or  an  approximate  value  of  c„  as- 
sumed and  nearer  values  determined  by  the  formula 

—  =  c^  when  the  velocity  will  be,  ??  =  ^.  (20) 


•  NoaTelles  Kxp^rienoei  surla  R^slst&noe  dea  Fluida  ;  M.  I'Abbe  Bossat, 
BiH>ponear.     Paris. 

Km/*,  also.  Aanulee  dee  P<mt«  et  CTiausBees,  Nov.  et  iVo..  1847,  and  Jonrnal 
of  Frmnklin  Institute,  Ma/.  180U.  and  Bfaufoy'«  Hydraulic  Esrerinieiits. 
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339.  IIeiir3''s  Telegraphic  Moiilinet* — An  ingenions 
iudicating  current  meter*  has  been  invented  by  D.  Farrand 
Henry,  C.  E.,  late  assistant  of  the  U.  S.  Lake  Survey,  and 
was  tested  by  him  witli  very  satisfactory  results  in  the  sur- 
veys of  the  large  streams  joining  and  flowing  firom  the  groat 
lakes  of  North  America.  The  recording  B])paratn8  of  this 
meter  may  be  retained  above  the  water  surface  in  a  position 
convenient  for  observation,  while  the  revolving  projK'ller  is 
submerged  at  any  desiivd  depth.  The  two  portions  of  the 
instrument  are  connected  by  flexible  wires  with  an  electric 
battery  so  that  the  circuit  i^asses  through  the  axle  of  the 
propeUer.  The  clL^tric  circuit  is  closed  for  an  instant  during 
each  revolution,  when  the  lever  of  the  register  moves  tlie 
first  of  the  train  of  registtTiug  wheels  forward  one  cog. 

This  meter  gives  promise  of  especial  value  for  gaugings 
of  deep  waters  and  tidal  estuaries. 

340.  Eiirlier  Il><lromet4*r8. — Castelli's  quadrant,  or 
hydrometric  pendulum,  Boileau's  horizontal  gauge  glass, 
G^uthey'sand  Brnnning's  pressure  plates,  Brewster's  long 
screw-meter,  and  Lapointe's  beveled  gear-meter,  liave  now 
all  been  superseded  by  the  more  perfect  modem  current 
meters. 

341.  Double  Floats. — Various  double-float  combina- 
tions, having  one  float  at  the  surface  and  a  second  near  tlie 
bottom,  connected  vnth  the  first  by  a  cord  or  fine  %vin»  rope, 
have  been  used  both  in  Europe  and  America.  The  liability 
of  erroneous  deductions  from  the  movements  of  such  com- 
binations has  been  ably  discussed  f  by  Prof.  S.  W.  Rob- 
inson. 

34'-J.  Mid-depth  YlofttH^— The  mid-depth  afloat -proveB 


*  This  meter  is  Illustrated  in  the  Jour,  of  the  Franklin  Inst.  May,  I860. 
and  Sept  1871. 

I  Vi<U  Van  Nostrand's  Eclectic  Engineering  Magazine,  Aug.,  1679. 
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most  generally  satisfactoiy  of  all  float  apparatus,  excepting 
full-depth  tubes,  for  gauging  artificial  channels  and  the 
smaller  rivers. 

Tins  may  consist  of  a  hollow  metal  globe  of  say  six 
inches  diameter,  with  a  cork-stnpi^r  or  pet-cock  at  its 
lower  vertical  pole,  which  jMjrmits  the  partial  filling  of  the 
globe  with  water  until  its  specific  gravity,  8ubraer;?ed,  is 
slightly  in  excess  of  unity.  This  globe  is  connected  by  a 
fine  flexible  wire  with  tlie  smallest  and  lightest  circular 
disk-tloat  upon  the  surface  tliat  can  retain  the  globe  in  its 
projier  mid-depth  position. 

It  is  desirable  that  the  float  be  controlled  as  fully  as 
possible  by  the  mid-depth  velocity,  where,  in  artiiicnal 
channels  and  deep  streams,  the  film  of  most  constant 
velocity  is  found.  The  reactions  and  eddies  that  continnnlly 
agitate  all  the  particles  that  flow  near  the  bottom  and  sides 
of  the  stream,  and  tlie  wind  pi-essure  and  motion  along  the 
surface,  make  the  motions  of  all  perimeter  (so  called)  films 
very  comjilex,  and  continually  cause  the  parabolic  velocity 
valui-*s  in  the  central  vertical  plane  to  change  betwt:»cn 
flatter  and  sharper  cur\'(»s,  or  to  straighten  out  and  double 
up,  hinged,  as  it  were,  upon  a  mid-depth  i)oint ;  hence  the 
bottom,  side,  and  suiface  velocities  are  liable  to  great  irreg- 
ularities, and  these  irregularities  are  projected  to  some 
extent  through  the  whole  bmly  of  the  water.  These  eff'ects 
may  be  readily  observed  in  a  stream  carrying  fine  quartz 
sand,  upon  a  sunshiny  day,  if  a  position  is  taken  so  that 
the  sunlight  is  reflected  from  the  sand-grains  to  the  eye.  If 
in  such  cAse  the  eye  and  body  is  moved  along  with  the  cur- 
rent, the  whole  mass  of  water  appears  in  violent  agitation 
and  the  particles  npjiear  to  move  upward,  downward,  back- 
ward, forwai-d,  and  across,  with  writhing  motions,  illus- 
trating the  method  by  which  the  water  tosses  up  and  bears 
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forward  its  load  of  sediment.  In  tlie  midst  of  this  agitation, 
the  film  having  a  velocity  ueaivst  to  the  mean  resultant  of 
onward  progress  is  usually  over  the  mid-channel  of  a 
straight  course^  and  near  to,  or  a  little  below,  the  centre  of 
depth.  The  suspended  float  that  takes  this  mean  velocity 
is  mort*  certain  to  give  a  reliahle  velocity  measure  than  that 
controlled  by  any  other  point  of  the  stream  section. 

34;j.  Miixiiiuiin  Velocity  Floats. — If  it  is  desired  to 
place  the  submerged  float  in  the  film  of  maximum  velocity 
in  artificial  channels,  then  this  may  be  sought  over  the 
mid-channel,  and  between  the  surface  and  one-third  the 
depth,  according  to  the  cross-section  of  the  stream  and 
velocity  of  tlow.  In  a  smooth  rectangular  section  with 
depth  equal  to  mdth,  or  with  depth  one-half  width,  it  will 
probably  be  near  one-third  the  depth,  and  higher  as  the 
de])th  of  stream  is  proportionately  less,  until  depth  is  only 
one-fourth  breadth,  when  it  will  have  quite,  or  nearly, 
reached  the  surface. 

The  film  of  masimxun  velocity  may  reacn  the  surface  in 
trapezoidal  canals  when  depth  of  stream  is  only  one-third 
mean  breadth.  It  is  at  one-fourth  depth  in  the  trapezoidal 
channel,  Fig.  61 ,  in  which  bottom  breadth  equals  twice  depth. 

In  shallow  streams,  the  maximum  velocity  is  at  or  near 
the  surface. 

344.  Relative  Velocities  and  Vohinieft  clue  to 
DiflTerent  Depthn.— When  the  mean  velocity  has  been 
reliably  determined  in  a  channel,  or  small  stream,  at  some 
iven  section,  and  for  some  particular  depth,  it  is  often 
desirable  to  construct  a  table  of  velocities  and  volumes  of 
flow,  for  other  depths  in  the  same  section,  so  that  if  a  read- 
ing of  depth  is  taken  at  any  time  from  a  gauge  established 
at  that  section,  the  velocity  and  volume  due  to  the  observed 
depth  at  that  time  may  be  read  off  from  the  table. 
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The  inclination,  or  surface  slope,  *  =  ^     ,  and  the  valne 

of  the  coefficient  of  friction,  m  =  -^,  may  be  observed 

vdthin  the  ordinary  extremes  of  depth  at  the  time  of  the 
expt^imental  measurement,  if  opportunity  offers,  or  other- 
wise for  the  given  experimental  depth,  and  computed  for 
the  n^niaining  depths. 

Th<H>r^-  indicates  that  the  variation  of  velocity,  witli 
varying  depth,  is  u»^arly  us  the  variation  of  the  squar*^  root 

of  the  hydraulic  mean  radius,  =  y  '-,  and  the  variation  of 

liolume  of  tiow  is  nearly  as  tlie  variation  of  the  product  of 
sectional  area  into  the  square  root  of  hydraulic  mean  radius, 

These  t-erms  are  readily  obtained  for  the  several  deptfis, 
from  measurement  of  the  channel. 

To  compare  new  depths,  velocities,  and  volnmes,  with 
the  depth,  velocity,  and  volume  accurately  measured  by 
experiment,  as  unity. 


let  tbe  experimental  depth 

\iy.  moan  rad. 

alnpe 

ooef.  of  friction 

aertionnl  area 

velodty 

volume 


be  d,  and  the  new  depth 


be  d. 


m, 
9» 


hj.  mean  rad.  r,  , 

Hlope  "     t,  : 

coeC  of  friction  *'  m,  ; 
sectional  area  "  8^  ; 
velocity  '*    V,  ; 

volume  "    7,. 


The  relative  values  of  new  depths,  velocities,  volumes, 
etc.,  will  be 


d  ' 


7i 


-,     — ,    etc., 


and 


V  :  Vx    ::    1  :  — ; 
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g  :  <?,    : :    1  :  |* ;  etc. 
The  ratio  of  ^  tx)  ^j  is 

V       {    mi    )        {  m   }        {  rimi)  * 
and  D.  =  «i^^:'^-[* 


(21) 


(22> 


In  long  straight  clmnnels  of  nniform  section,  /,  will  be 
less  thaa  i  for  increased  depths,  and  greater  tlian  /  for 
reduced  depths;  but  ordinarily  (except  with  great  velocities) 
their  values  will  be  so  nearly  equal  to  each  other  that  they 
may  be  oniitted  from  the  equatiou  without  serious  error, 
when  the  equation  of  velocity  will  become, 


(23) 


The  variations  in  m  cannot  be  neglected  in  relatively 
shallow  channels. 

For  illustration  of  the  equations,  let  Fig.  57  be  a  smootii 


Fm.  57. 


^»^?^ig5»?^=? 


0 


I        t.M 


trapezoidal  channel,  0  feet  broad  at  the  bottom,  =  e,  and 
with  side  slopes  inclined  thirty  degrees  from  the  horizon, 


Mil 


■^Srrj 
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During  the  experimental  measurement,  let  the  depth  be 
4  feet ;  the  slope,  one  foot  in  one  mile  =  i  =  .000189 ;  the 
experimental  velocity,  1.201  feet  per  second;  and  the  ex- 
perimental volume,  62.128  cubic  feet  per  second. 

The  velocities  and  volumes  are  to  be  computed  when  the 
depths  are  2  feet  and  6  feet,  respectively. 
Let  d  be  any  given  depth ;    • 

e   "  the  bottom  breadth,  =  6  feet ; 
b   "  the  mean  breadth ; 
^    "   the  slope  of  the  sides,  =  30* ; 
S  "  the  sectional  area ; 
O  "  the  wetted  earth  perimeter. 
Then  we  have  for  the  given  values  otd: 


Assumed  Values  of  d. 

3  Fett. 

4  Feet. 

6  Feet. 

tan0  ^ 

s 
^"=0 = 

■ff% — 

"■93 
18.93 
14.00 

1-35 
.0002 
.02396 

19.86 

51-73 

22.00 
2.30 
.000189 
.0187 

26.79 

98.35 
30.00 

3-^8 
.000185 
.0146 

7/ — 

15.825 

I.20Z 
62.128 

1.606 

a — 

157-95 

5ri 

With  increase  of  depth,  there  is  also  increase  of  velocity ; 
hence  there  are  two  factors  to  increase  of  volTzme. 

Some  practical  considerations  relating  to  open  canals 
are  given  in  Chap.  JLVll,  following. 
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liave  poured  over  their  populous  leveed  plains,  yet  tney 
seem  to  'be  quickly  foi'gotten,  except  by  the  immediate 
sufferers  who  survived  them. 

The  earlii^t  authenticated  historical  records  of  the  East- 
ern tropical  nations  describe  existing  storage  reservoirs  and 
embankments,  and  more  than  Why  thousand  such  reser- 
voirs liave  been  built  in  the  Indian  Madras  Presidency 
Districts  alone.  Arthur  Jacobs,  B.  A.,  says*  of  these 
Madras  embankments,  that  they  will  average  a  half  mile  in 
lengtli  each,  and  the  longest  lias  a  length  of  not  less  than 
tliirty  miles. 

Two  thousand  years  of  practice  seems  to  have  develop€*d 
but  a  sliglit  advance  of  skill  in  the  construction  of  earth- 
works, while  their  apparent  simplicity  seems  to  have  dis- 
tracted modern  attention  from  their  minute  details,  and  to 
have  led  builders  to  th(>  practice  of  false  economy  in  some  in- 
stances, and  to  the  neglect  of  necessary  precautions  in  others. 

Among  the  recent  disastrous  failures  may  be  mentione<l 
the  Bradlield  or  Dale  Dyke  embankment  of  the  Sheffield, 
England,  water-works,  in  1864  ;  the  Danbury,  Conn.,  water- 
works embankment,  in  1S66 ;  the  Hartford,  Conn.,  water- 
works euibanknient,  in  1867 ;  the  New  Bedford,  Mass.^ 
water-works  embankment,  in  1868 ;  the  Mill  River,  or 
Williamsbui-gh,  Mass..  embankment,  in  1875  ;  and  Worces- 
ter, Mass.,  water-works  embankment,  in  1876.  More  than 
one  hundred  other  breakages  of  dams  arc  upon  record  for 
New  England  alone  for  the  same  short  period. 

The  practical  utility  of  streams  is  dependent  largely 
upon  the  storage  of  their  surplus  waters  in  the  seasons  of 
their  abundant  flow,  that  they  may  be  used  when  droughts 
would  otherwise  reduce  their  volume. 
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Their  waters  are  usually  stored  in  elevated  basins, 
whether  stored  for  power,  for  domestic   consumption,  for 

■compensation,  or  to  n-gulate  floods ;  and  frequently  single 
embankments  toward  Uio  head-watejs  of  streams  suspends 
millions  of  tons  of  water  above  tlie  villages  and  towns  of 

Ipthe  lower  valleys.  In  other  instances,  embanked  distrib- 
uting i-eservoirs  crown  Idgh  summits  in  the  midst  of  popu- 
lous cities.  These  ait?  good  angels  of  health,  comfort,  and 
prot^'tion,  when  performing  their  appointed  duties,  but 
very  demons  of  destruction  wlien  their  waters  break  loose 
^upon  tlie  luUsides. 

^ft  Every  consideration  demands  that  a  storage  reservoir 
embankment  sliall  be  as  durable  as  the  hills  upon  which  it 
rest^.  To  this  end,  no  wat**r  is  to  be  pennitU'd  to  p*  rcolate 
and  gather  in  a  rill  beneath  the  embankment ;  its  core  must 
be  so  solid,  heavy  and  impervious  that  no  water  shall  push 
it  aside,  lift  it  up  or  flow  through  it,  or  follow  along  its  dis- 
charge pipes  or  waste  culvert ;  its  coiv  must  be  prot^x-ted 

^^x)m  abrasions  and  disintegrations ;  and  its  waste  overfall 

^Biust  be  ample  in  length  and  stnnigth  to  pass  the  most 

^Mxtraordiuaiy  flood  without  the  embankment  being  over- 
topped. 

JJ46.  Euibaiiknient  Foundations. — The  foundation 
upon  which  the  sti'ucture  rests  is  the  lirst  vital  jioiut  requir- 
ing attention,  and  may  contain  an  element  of  weakness  that 

^fcball  ultimately  lead  to  the  destruction  of  the  structure 
placed  upon  it 

The  8uj>erposed  drift  strata  beneaUi  the  surface  layer  of 
muck  or  vegetable  soil  may  consist  of  various  combinations 
of  loam,  gravel,  sand,  quicksand,  clay,  shale  and  demoral- 
ized rock,  nesting  upon  the  solid  impervious  rock,  or  above 
an  impervious  stratum  of  sufficient  thickness  to  resist  the 
metration  of  water  under  pressure.    K  the  water  is  raised 
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fifty  feet  above  the  surface  and  there  are  thirty  feet  of  per- 
vious earth  in  the  bed  of  the  valley,  then  the  pressure  upon 
the  bed  stratum  will  be  five  thousand  pounds,  or  two  and 
one-half  tons  per  square  foot,  which  wiU  tend  to  force  the 
water  toward  an  outlet  in  the  valley  below.  That  much  of. 
the  natural  earth  is  porous  is  well  demonstrated  by  the 
freedom  with  which  water  enters  on  the  plains  and  courses 
tlirough  the  strata  to  the  springs  in  the  valleys,  even  with- 
out a  head  of  water  to  force  its  entrance.  Such  pc»rous 
strata  must  be  cut  off  or  sealed  over,  or  tJie  permanency  and 
efficiency  of  the  structure,  however  weD  executed  abovo, 
cannot  be  assured. 

If  the  valley  across  which  the  embankment  is  thrown  is 
a  valley  of  denudation,  or  if  the  embankment  stretches 
across  one  or  more  ridges  to  cover  several  minor  valleys 
with  a  broad  lake,  tlie  waters  in  rising  may  cover  the 
outcropping  edges  of  coarse  porous  strata  tliat  shall  lead 
the  tlowage  by  subterranean  paths  to  distant  springs  where 
water  had  not  flowed  before.  Hence  the  necessity  of  a 
thorough  examination  of  the  geological  substructure  of 
the  valley,  and  of  teats  by  trial  shaft^^,  supplemented  by 
deep  borings,  of  the  site  of  the  embankment  and  the  lull- 
sides  upon  which  it  abuts.  The  test  borings  should  cover 
some  distance  above  and  below  the  site  of  the  embankment, 
lest  a  mere  pocket  tilled  with  impervious  soil  be  mistaken 
for  a  thick  strata  supposed  tt*  underlie  the  whole  vicinity. 

The  trial  shafts  only,  permit  a  proper  examination  of  the 
covered  rock,  which  may  be  so  sliattered,  or  fissured,  as  to 
be  able  to  conduct  away  a  considerable  quantity  of  water, 
or  to  lead  water  from  the  adjoining  hills  to  form  springs 
under  the  foundations. 

Several  deep  reservoirs  constructed  within  a  few  years 
past  have  demanded  excavations  for  cut-off  walls,  to  a 
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depth  of  a  hundred  feet  at  certain  points  along  their  lines, 
but  the  porosity  and  the  firmness  of  the  strata  in  such  cases 
are  points  demanding  the  exercise  of  the  most  mature  judg- 
ment, that  tbe  work  may  be  made  sure,  and  at  the  same 
time  labor  be  not  wasted  by  unnecessarily  deep  cutting. 

Tlioroughness  in  the  preliminary  examination  of  the 
substrata  of  a  proposed  site  may  frequently  result  in  the 
avoidance  of  a  great  deal  of  vexatious  labor  and  enhanced 
i€08t  that  would  otherwise  follow  from  the  location  of  an 
embankment  over  a  treacherous  sub- foundation. 

347.  SpringH  luider  FouiulatioiiM. — If  the  excava- 
tion shall  cut  off  or  expose  a  spring  that,  when  confined, 
will  produce  an  hydrostatic  pressure  liable  to  endanger  the 

mtfiidi^  slope  of  the  embankment,  it  must  be  followed  back 
)y  a  drift  or  open  cutting  to  a  point  from  whence  it  may 

be  safely  led  out  in  a  small  pipe  below  the  site  of  the 

emlwinkment. 

348.  Surface  Soils. — Dependence  cannot  be  placed 
upon  the  vegetable  soil  lying  upon  the  site  of  an  embank- 
ment to  hold  water  under  pressure,  for  it  is  always  porous 
in  a  state  of  nature,  as  is  also  the  subsoil  to  the  depth  pene- 
trated by  frost.  Tlie  vegetable  soil  should  l>e  cleared  from 
beneath  the  core  of  the  embankment,  and  the  subsoil  rolled 
and  comimcted.    . 

The  vegetable  soil  will  be  valuable  for  covering  the  top 
and  outside  slope  of  the  embankment. 

If  good  hard-pan  underlies  the  sxirface  soil  to  a  depth 
sufficient  to  make  a  strong  foundation  for  the  embankment, 
then  its  surface  should  be  broken  up  to  the  depth  it  has 
been  made  porous  by  frost  expansion,  and  the  material 
roDed  down  anew  in  thin  layers  with  a  grooved  roller  of 
not  less  than  two  tons  gross  weight,  or  of  one-half  ton  per 
lineal  foot 
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If  next  to  the  surface  soil  there  is  a  layer  of  bai 
within  the  basin  to  be  flowed,  and  this  hard-pan  covers  open 
and  i>or<>us  strata  that  extend  below  the  dam,  caution 
should  be  u&ed  in  disturbing  the  hard-pan,  lest  the  water 
be  admitted  freely  to  the  porous  strata,  when  it  will  escape, 
perhaps  by  long  detour  around  the  dam. 

349.  Concrete  Cwt-off  Walls.— If  the  trench  for  the 
cut-off  wall  is  deep  and  very  irregular,  it  is  well  to  level  up 
in  the  cuts  with  a  water-proof  concrete  well  settled  in  place, 
and  this  may  prove  more  economical  than  to  cut  the  deep 
trench  of  suflicient  width  to  receive  a  reliable  puddle  wall ; 
also,  the  greater  reliability  of  tlie  concrete  under  great  pres- 
sure should  not  be  overlooked. 

350.  Treacherous  Strata.— In  one  instance  the  writer 
had  occasion  to  construct  a  low  embankment,  not  exceed- 
ing twenty  feet  height  at  the  centre,  across  an  abraided  cut 
through  a  plain.  The  embankment  was  to  retain  a  storage 
of  water  for  a  city  water  supply,  and  the  enclosed  lake  \m^^ 
to  liave  an  area  of  200  acres.  ^^| 

The  test  pits  and  soundings  developed  the  fact  that  the 
abraided  valley  and  adjacent  plains  were  underlaid  with  a 
stratum  of  fine  sand  twelve  feet  in  thickness,  which,  wlien 
disturbed,  became  a  quicksand,  and  if  water  was  admittiKl 
to  it,  would  flow  almost  as  freely  as  water. 

The  sand  lay  in  a  compact  mass,  and  would  not 
water  freely  until  disturbf^d.     Above  the  sand  was  a  layer 
of  about  three  feet  of  fine  ]iard-pan,  and  above  tliis  about 
thret*  feet  of  good  meadow  soil  had  formed. 

For  this  case  the  decision  was,  not  to  uncover  the  quick- 
sand, but  to  seal  it  over  in  the  vicinity  of  the  embankment. 
The  foundati(»n  of  the  embankment^  and  of  the  waste  over- 
fall which  necessarily  came  in  the  centre  of  length  of  the 
embankment,  was  made  of  concrete  of  such  thickness  us  to 
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properly  distribute  the  weight  of  the  earthwork  and  over- 
fall masonry.  Above  the  embankmeut,  after  a  careful 
cleaning  of  the  soil  to  the  depth  penetrated  by  the  grass 
roots,  the  valley  waa  covered  with  a  layer  of  gravel  and 
clay  puddle  for  a  distance  of  one  hundred  feet. 

Beneath  the  toe  of  the  inside  slope,  where  the  bottom 
puddle  joined  the  concrete  foundation,  a  trench  was  cut 
across  the  valley  into  the  quicksand,  as  deep  as  could  be 
excavated  in  sections,  with  the  aid  of  the  light  pumping 
power  on  hand,  and  sheet  piling  placed  therein  and  driven 
thrpugh  the  quicksand,  and  then  the  trench  waa  filled 
around  the  piling  with  puddle,  thus  forming  a  puddle  and 
plank  curtain  under  tiie  inside  edge  of  the  embanktnent. 

Such  expedients  are  never  entirely  free  from  risks, 
especially  if  a  faithful  and  competent  inspector  is  not  re- 
tained constantly  on  the  work  to  observe  that  orders  are 
obeyed  in  the  minutest  detail. 

In  the  case  in  question  many  thousands  of  dollars  were 
saved,  and  the  work  has  at  present  writing  successfully 
stood  the  t*^st  of  seven  years  use,  during  which  time  the 
most  fearful  Hood  storm  i^ecorded  in  tlie  present  century  has 
swept  over  the  section  of  Connecticut  where  the  storage  lake 
is  situated. 

351.  Etnbanktneut  Core  Materials.  —  Rarely  are 
j^od  materials  found  ready  mixed  and  close  at  hand  for 
the  construction  of  tlie  core  of  the  embankment.  It  is 
essential  that  this  portion  be  so  compounded  as  to  be  im- 
pervious. 

If  we  fill  a  box  of  known  cubical  capacity,  say  one  cubic 
yard,  with  shingle  or  screened  coarse  gravel,  we  shall  then 
find  that  we  can  pour  into  the  full  box  with  the  gmvel  a 
volume  of  water  equal  to  twenty-eight  or  thirty  per  cent 
of  the  capacity  of  the  box,  according  to  the  volume  of  \  oids ; 


340  KESEBVOm  EMBANKKENTS  AND  CHAMBERS. 

or  if  we  attempt  to  stop  water  with  the  same  thickness  (oiie* 
yard)  of  gravel,  we  shall  find  that  water  will  flow  through 
it  very  freely.  Then  let  the  same  gravel  be  dumped  out 
upon  a  platform  and  twenty-eight  per  cent  nearly  of  tine 
gravel  be  mixed  with  it,  so  as  to  till  the  voids  equally,  and 
the  whole  be  put  into  the  measuring-box.  We  now  find 
that  we  can  again  pour  in  water  equal  to  about  thirty  per 
cent,  of  the  cubical  measure  of  the  fine  gravel.  Then  let  fine 
sand,  equal  to  this  last  volume  of  water,  be  mixed  with  the 
coarse  and  fine  gravel,  and  tlie  whole  returned  to  the  meas- 
ure. We  now  find  that  we  can  jjour  in  water,  though  not 
so  mpidly  as  before,  equal  to  thirty-three  per  cent,  approx- 
imately of  the  cubical  measure  of  the  sand,  and  we  resort 
to  fine  clay  equal  to  the  last  volume  of  the  water  to  again 
till  tlie  voids.  The  voids  are  now  reduced  to  microscopic 
dimensions. 

If  we  could  in  practice  secure  this  strict  theoretical  pro- 
portion and  thorougii  admixture  of  the  material,  we  should 
introduce  into  one  yard  volume  quantities  as  follows :  Coarse 
gravel,  1  cubic  yard ;  fine  gravel,  0.28  cubic  yard ;  sand, 
0.08  cubic  yard ;  and  clay,  0.03  cubic  yard,  or  a  total  of 
the  separate  materials  of  1.39  cubic  yards. 

In  practice,  with  a  reasonable  amount  of  labor  applied 
to  thorougldy  mix  the  materials  so  as  to  fill  the  voids,  we 
shall  use,  approximately,  the  following  proportion  of  ma- 
terials: 

Coarse  ^rnt^el 1.00  cubic  /ktcL 

Fim-prravel 035    '* 

Sand 0.15    '* 

CUy 0.90    "        " 

Total Vio    "        " 

which,  when  mixed  loosely  or  spread  in  thin  layers,  will 
make  about  one  and  three-tenths  yards  bulk,  and  when 
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thoroughly  compacted  in  the  embankment,  will  make  about 
one  and  one  quarttir  cubic  yards  bulk. 

The  voids  now  remaining  in  the  mass  may  each  be  a 
thousand  times  broader  than  a  molecule  of  water,  yet  they 
are  sufficiently  minute,  so  that  molecular  attraction  exerts 
a  strong  force  in  each  and  resists  flow  of  the  molecules, 
even  under  considei-able  liead  pressure  of  water. 

It  will  be  interesting  here  to  compare  the  weights  of  a 
solid  block  of  granite  with  its  disintegrated  products  of 
gravel  and  sand,  taking  for  illustration  a  cubic  foot  voluma 


TABLE     No,     77. 

Weights  of  Embankment  Materials. 


Hatkual. 


i 


Granite 

Coarse  Gravel. 

Crave! 

harp  Sand . .  • 

ay 

ater.   


Av.  Wki&ht,       SrsciFic  Gravity. 


1 66 

120 

ii6 

110 

63.5 


lbs. 


2.662 

»*925 
1.861 

1765 

2,000 
1. 000 


Av.  V'oli 


.28  per  cent. 

.30    "      *' 

.33    "      •* 
.12     "      " 


I  If  the  shingle  is  omitted  and  common  gravel  ia  the  bulls 
to  receive  the  finer  materials,  then  the  proportions  in  prac- 
tice may  be : 


I 


Conunoo  gnvel 1.00  cable  yard. 

8aod 0.36      " 

aay (K25      " 

1.61 


which,  when  loosely  spread,  will  make  about  one  and  one- 
sixth  yards  bulk;  and  compacted,  some  less  than  one  and 
one-tenth  yards  bulk. 

Gravel  is  usually  found  with  portions  of  sand,  or  sand 
and  clay,  already  mixed  witli  it>  though  rarely  with  a  suf- 
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flciency  of  fine  material  to  fill  the  voids.  The  lacking  ma- 
tt^rial  should  be  supplied  in  its  due  proportion,  whether  it 
1)6  fine  gravel  sand,  tine  sand,  or  clay.  The  voids  must  be 
tilled,  at  all  events,  with  some  durable  fine  material,  to 
ensure  imperviousness. 

It  is  sometimes  found  expedient  to  snbstit;ute  for  a  por- 
tion of  the  fine  sand  or  clay,  portions  of  loam  or  selected 
soil  from  old  ground,  and  on  i-are  occasions  peat,  but 
neither  peat  nor  loam  should  be  introduced  in  bulk  into 
the  core  of  an  embankment. 

There  is  a  general  prejudice  against  the  use  of  peat  or 
surface  soils  in  embankments,  and  the  objections  hold  good 
when  tliey  are  exposed  to  atmospheric  influences.  Mr. 
Wiggin  remarks,*  however,  that  a  peat  sea-bank  which  was 
opened  after  being  built  for  seventeen  years,  exhibited  tlie 
material  as  fibrous  and  undecayed  as  when  first  deposit*»d. 
Weight  18  a  valuable  property  in  embankment  material, 
when  placed  u]jon  a  firm  foundation,  since,  for  a  given  bulk, 
the  heavier  material  is  able  to  resist  the  greater  pressure. 

Peat  and  loam  ai-e  very  deficient  in  the  weight  property, 
and  tlierefon?  need  the  support  of  heavier  materials.  Clay 
is  heavier  than  sand  or  fine  gravel ;  shingle  is  heavier  thau 
clay ;  but  the  compound  of  sliingle,  gravel,  sand,  and  clay, 
above  described,  is  heavier  than  either  alone,  and  weighs 
when  compacted,  for  a  given  volume^  nearly  as  much  as 
solid  granite. 

Coheslveness  and  stability  are  valuable  properties  in 
embankment  materials,  but  sand  and  gravel  lack  perma- 
nent cohesiveness,  and  clay  alone,  though  quite  cohesfve^ 
is  liable  to  slips  and  dangerous  fissures,  if  unsupported ; 
but  a  proper  combination  of  gravel,  sharp  sand,  and  clay, 

*  Embankln^^  Lands  from  tbe  Beft,  p.  dO.     LoDdoQ,  1852. 
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gives  all  the  valuable  properties  of  weight,  cohesiveness^^ 
Btability,  and  irni)ervioa3ness. 

352.  Peculijir  Pressures. — ^There  are  i)eca]iar  pres- 
sure influences  in  an  earthwork  structure  that  are  not 
identical  with  the  theoretical  hydrostatic  pressures  upon  a 
tight  masonry,  or  fully  impervious  structure  of  the  same 
form.  The  iiydrostatic  pressure  uiK>n  an  impervious  face, 
whatever  its  inclination,  might  be  resolved  into  its  hori- 
zontal resultant  (§  171),  and  that  resultant  would  be  the 
theoretical  force  tending  to  push  the  structure  down  the 
valley,  and  would  be  equal  to  tiie  pn>s8ure  of  the  same 
depth  of  water  acting  upon  a  vertical  face.  The  pressure 
would  be,  upon  a  vertical  face,  per  square  foot,  at  the  given 
depths*  as  follows : 


Depth,  Infect.  .. 
PrcMure,  in  Ibt.. 


5        «> 
3JJ.I  6(^.3 


15 


1561  iSt] 


35      40 
axSsHVZ 


45      SO  !   60      70  I 


9D     too 

$6t8|6i«3 


The  effective  action  of  the  theoretical  horizontal  resultant 
is  neutralized  somewhat  upon  an  impervious  slope  by  the 
weight  of  water  upon  the  slope. 

But  all  embankments  arc  pervious  to  some  extent  If 
with  the  assistance  of  the  pressure,  the  water  penetrates  to 
the  centre  of  the  embankment,  it  presses  there  in  all  direc- 
tions, upward,  downward,  forward  and  backward,  and  at  a 
depth  of  fifty  feet  the  pressure  will  be  a  ton  and  a  half  j)er 
square  foot.  Such  pressure  tends  to  lift  the  embankment, 
and  to  soften  its  substance,  as  well  as  to  press  it  forward, 
and  if  in  course  of  time  the  water  penetrates  past  the  centre 
it  may  reach  a  point  wliere  the  weight  or  the  imperviousness 
of  the  outside  alope  is  not  sufficient  to  resist  the  pressure, 
when  the  embankment  will  crack  open  and  be  speedily 
breached. 

That  portion  of  the  embankment  that  is  penetrated  by 
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the  water  has  its  weight  neutralized  to  tiie  extent  of  the 
weight  of  the  water,  or  at  any  depth,  a  total  equal  to  the 
water  pressure  at  that  depth  ;  thus^  at  fifty  feet  depth>  that 
portion  penetrated  is  reduced  in  its  totaJ  weight  a  total  of 
one  and  one-lialf  tons  per  square  foot. 

Hence  the  value  of  imperviousness  at  the  front  as  well 
as  in  the  centre  of  the  eiribankment,  so  that  the  maxinnim 
amount  of  its  weiglit  may  be  effective. 

If  water  penetrates  the  subsoil  beneath  the  embankment, 
as  is  frequently  the  case,  it  there  exerts  a  lifting  pressure 
according  to  its  depth. 

353.  Earthwork  Slopes.— If  earth  embankments  of 
the  forms  usually  given  to  them,  and  their  subsoils  also, 
were  quite  impervious,  as  a  wall  of  good  concrete  would  be. 
the  embanlonents  would  have  a  large  surplus  of  v^eight, 
and  might  be  cut  down  vertically  at  the  centre  of  their 
breadtli,  and  either  lialf  would  sustain  the  pn^ssore  and 
impact  of  waves  with  safety,  but  the  vertical  wall  of  earth 
would  not  stand  against  the  erosive  actions  of  the  waves 
and  storms.  Surface  slopes  of  earthwork  are  controlling 
elements  in  their  design,  and  govern  their  transverse  profiles. 

Different  earths  have  different  degrees  of  permanent 
stability  or  of  friction  of  their  particles  upon  each  other, 
that  enable  them  to  maintain  their  respective  natural  sur- 
face slopes,  or  angles  of  repose^  against  the  effects  of  gravity, 
ordinary  storms,  and  alternate  freezings  and  thawings,  until 
nature  binds  their  surfaces  together  with  the  roots  of  wet^s, 
grasses  and  shrubs.  The  coefficient  of  friction  of  earth 
equals  the  tangent  of  its  angle  of  repose,  or  natural  slope. 
The  amount  or  value  of  the  slope  is  usually  described  by 
stating  tlie  ratio  of  the  horizontal  base  of  the  angle  to  its 
vertical  height,  which  is  the  reciprocal  of  the  tangent  of  the 
inclination. 
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The  following  data  relating  to  these  values  are  selected* 
in  part  from  Rankine,  and  to  them  are  added  the  angli^s  at 
which  certain  earths  sustain  by  friction  other  materials  laid 
upon  their  inclined  surfaces 

^^^H^  TABLE     No. 

^^iM^^  OP  Repose,  and  Friction  of  Ebcbankhent  Materials. 


Matbuai. 


Dry  sand,  fine  , , 

**        "     coarse 

Damp  clay 

Wet  clay 

Clayey  gravel 

Shingle 

Gravel 

Firm  loam 

Vegetable  soil 

Peat   

Masonry,  on  clayey  gravel. 

»*  '*   dry  clay 

"  "  moist  clay.    . 

Earth  on  moist  clay  . . . . . 

**       ^  wet  clay     


Amglx  op 
RBvoec 

COBPFtCIBlCT  OF 

Friction. 

Ratio  op  Slope. 

28° 

■532 

1. 88 

to     1 

3°: 

•577 

1-73 

(t       - 

1: 

1. 000 
.268 

1.00 
3.73 

«i       , 

< 

1. 00c 

1. 00 

<i       . 

$• 

'K 

.900 
.781 

■727 

I. II 
1.28 

1.38 

««       I 

ti        T 

€• 

.700 
-364 

1.43 

2.75 

li         . 

18° 

•577 
.510 

•525 

<-73 
1.96 
3-o8 

tt       1 

4S° 

1 .000 

1.00 

.7^ 

.306 

3.26 

u        t 

I 


Inclined  earth  surfaces  are  moat  frequently  dressed  to 
the  elopes,  having  ratios  of  bases  to  verticals,  respectively 
1 J  to  1  ;  2  to  1 ;  2J  to  1  ;  and  3  to  1 ;  corresponding  ivsix'ct- 
ively  to  the  coefficients  of  friction  0-67,  0.50,  0.40,  and  0.33, 
and  to  tlie  angles  of  repose  33 J^  26J°,  21 J  °,  and  18^% 
nearly. 

Gravel,  and  mixtures  of  clay  and  gravel,  will  stand 
ordinarily,  and  resist  ordinary  storms  at  an  angle  of  1^  to  1, 
but  the  angle  must  be  reduced  if  the  slope  is  exposed  to 
accumulations  of  storm  waters  or  to  wave  actions,  and  u]>on 

•  CItU  Engineering,  p.  816.    London,  1872. 
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broad  lake  shores  the  waves  will  reduce  coarse  gravel,  if 
unprotected,  to  a  slope  of  6  to  1,  aud  liner  materials  to 
lesser  slopes.  Complete  saturation  of  clay,  loam,  and  vege- 
table soil,  destroys  the  considerable  cohesion  they  have 
when  merely  moistened,  and  they  become  mud,  and  assume 
slopes  nearly  horizontal ;  hence  the  conditions  to  which  the 
above  table  i-efers  may  be  eutirely  destroyed  and  the  angles 
be  much  flattened,  unless  the  slopes  are  properly  prottH^ted. 
On  the  other  hand,  the  table  does  not  refer  to  the  temporary 
stability  which  some  moist  earths  have  in  mass,  for  com- 
pacit  clajs  gmvel,  and  even  coarse  sand  may,  when  their 
adhesion  is  at  its  maximum,  or  when  their  pores  are  par- 
tially aud  u<.'arly  tilled  with  water,  be  trenched  througli, 
and  the  sides  of  the  trench  stand  for  a  time,  nearly  verticaJ^ 
at  heights  of  from  (5  to  15  fi^t.  In  such  cases^  loss  or 
increase  of  moisture  destroys  the  adhesion,  and  the  sides  of 
the  trench  soon  begin  to  crumble  or  cave,  unless  supported. 
354,  Recoiiiioissaiice  for  Site, — Let  us  assume,  for 
illustration,  that  a  storage  reservoir  is  to  be  formed  in  an 
elevated  valley.  The  minimum  allowable  altitude  being 
fixed  upon,  and  designated  by  reference  to  a  permanent 
bench  mark  in  the  outfall  of  the  valley,  the  valley  is  then 
explored  from  the  given  altitude  upward  for  the  most  favor- 
able site  for  the  storage  basin,  and  for  the  site  for  an 
embankment-,  or  dam,  as  the  circumstances  may  require. 
"We  may  expect  to  find  a  good  site  for  the  storage  at  some 
point  where  a  broad  meadow  is  flanked  upon  each  side  by 
abrupt  8loi>e8,  and  where  those  slopes  draw  near  to  each 
other  at  the  outlet  of  the  meadow,  as  is  frequently  the  case. 
Having  found  a  site  that  appears  favomble,  a  preliminary 
reconnoissanci*  with  instruments  is  made  to  determine  if  the 
basin  has  the  required  amount  of  watershed  and  storage 
capacity,  previously  fixed  upon  (§  59),  and  to  determine 
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approximately  the  height  the  embankment  or  masonry 
dam  iijutit  have.  If  the  preliminary  recounoissance  gives 
satisfactory  results,  then  the  site  where  tlie  embankment 
can  be  built  most  economically  and  substantially  is  care- 
fully sought,  and  test  pita  and  borings  put  down  at  the 
point  giving  most  promise  upon  the  surface.  It  is  import- 
ant to  know  at  the  outset  that  the  subsoil  is  finii  i-nough  to 
carry  the  weight  of  the  embankment  without  yielding,  and  if 
there  is  an  imjjervious  substratum  that  will  rL>tain  tlie  pond- 
ed water  under  pressure.  It  is  important  also  to  know  that 
suitable  materials  are  obtainable  in  the  immediate  vicinity. 
355.  Detiiiled  Surveys. — The  preliminary  surveys  all 
giving  satisfactory  indications  as  respects  extent  of  flowage, 
volume  of  storage,  depth  of  water,  inclination  and  material 
of  shore  slopes,  soils  of  flowed  basin,  and  the  detailed  sur- 
mVf^ys  confirming  the  first  indications,  and  also  establishing 
Bbat  the  drainage  area  and  rainfall  supplying  the  basin  is 
mpf  ample  extent  and  quantity  to  supply  the  required  amount 
■>f  water  (§  24)  of  suitable  quality  (§  lOO  ei  seq.) ;  then  let 
US  suppose  that  the  conditions  gnvemtng  the  ivtaining  em- 
bankment may  best  be  met  by  a  construction  similar  to 
that  shown  in  Fig.  59,  based  upon  actual  practice. 
■  356.  Illustrative  Case.— Here  the  water  was  raised 
fifty  feet  above  the  thread  of  the  valley.  The  surlace  of  the 
impervious  clay  stratum,  containing  a  small  portion  of  line 
gravel,  was  at  its  lowest  dip.  thirty  feet  below  the  suiface 
of  the  valley,  and  was  overlaid  at  this  point,  in  the  following 
order  of  superposition,  with  stratas  of  sandy  clay,  coarse 
sand,  quicksand,  sandy  marl,  gravel  and  sand,  gravelly  loam, 
and  vegetable  surfar-e  soil,  each  of  thickness  as  figured. 
Gravel  and  sand  and  loam  were  obtainable  readily  iu 
e  immediate  vicinity,  but  clay  was  not  so  readily  pro- 
and  must  therefore  needs  be  economized. 
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351.  Cut-oflF  Wall.— A  broad  trench  was  cut,  after  the 
clearing  of  the  surface  soil,  down  to  the  sandy  marl,  and 
then  a  narrow  tronch  cut  down  to  eighteen  inches  depth  in 
the  thick  clay  strata,  finishing  four  feet  vride  at  the  bottom. 

A  wall  of  concrete,  four  feet  thick,  composed  of  machine- 
broken  stone,  four  parts ;  coarse  sand,  one  part ;  tine  sand, 
one  pait ;  and  good  hydraulic  cement,  one  part,  was  built 
up  to  eigliteen  inches  above  the  top  of  the  marl  stratum. 

The  Cfmcrete  was  mixed  with  great  care,  and  the  materials 
ranimed  into  the  interstices  of  the  bank,  to  insure  imper- 
viousness  in  the  wall,  and  to  prevent  water  being  forced 
down  its  side  and  under  its  bottom.  Pxiddle,  of  one  part 
mixed  coarse  and  fine  sharp  gravel,  one  part  fine  sand,  and 
one  part  good  clay  then  filled  the  broad  trench  up  to  the 
surface  of  the  tnnbankment  foundation. 

•i58.  Enibaiikinent  Core, — The  core  of  the  embank- 
ment was  composed  of  carefully  mixed  coarse  and  fine 
gravel,  sand,  and  clay,  in  the  proportions  given  above 


EMBANKMENT    CORE.  24B 

, .  requiring  for  one  cubic  yard  of  core  in  place,  ap- 
proximately : 

^Coa«o  grawsl 74cabic7iird. 
Fine         "      26     "         " 
Sand 11      - 
CUy _45     ' 
L                                                                           1.26     - 
When  measured  by  cart-loads,  these  quantities  became 
eigiit  loads  *  of  mixed  gravels,  one  load  of  sand,  and  two 
loads  of  clay,  the  cubic  measure  of  each  load  of  vUiy  being 
slightly  less  than  tliat  of  the  dry  materials.    The  gravel 
■iras  spread  in  layers  of  two  inches  thickness,  loose,  the  clay 
evenly  spread  upon  the  gravel  and  lumi>8  broken,  and  the 
sand  spread  upon  the  clay.      AYlien  the  triple  layer  was 
spread,  a  liarrow  was  i>a88ed  over  it  until  it  was  tlioix)ughly 
mixed,  and  then  it  was  thoroughly  rolled  with  a  two-ton 
grooved  roller,  made  up  in  sections,  the  layer  having  been 
K  first  moistened  to  just  tliat  consistt»ucy  that  would  cause  it 
"to  knead  like  dough  under  the  roller,  and  become  a  com- 

I  pact  solid  mass. 
Such  a  core  packs  down  as  solid,  resists  the  penetration 
or  abrasion  of  wat«?r,  nearly  as  well,  and  is  neai'l}*  as  diffi- 
cult to  cut  through  as  ordinary  concrete,  while  rat**  and  eels 
^are  unublp  to  enter  and  tunnel  it. 

V  The  proportions  iidojjtiid  for  the  core  was — a  thickness 
of  five  feet  at  the  top  at  a  level  three  feet  above  high-water 
mark,  and  aj)pro.\imate  slopes  of  1  to  1  on  each  side. 

For  the  maximum  height  of  fifty -four  feet  this  gave  a 
^  breadth  of  113  fi*et  base. 

I  This  core  was  abundantly  able  to  resist  tlie  percolation 
of  the  water  through  itst>]f,  and  to  resist  the  givatest  pres- 

^B  *  8evon  loads  nf  coarse  and  three  loads  of  fine  gravel  make,  when  mixed, 
■houi  eight  loads  bulk. 
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sure  of  the  water,  and  bad  these  been  the  only  matters  to 
provide  for,  the  embankment  core  would  have  been  the 
conipk^te  embankment. 

359.  Frost  Covering:. — Frost  would  giudually  pene- 
trate deeper  and  deeper  into  that  part  of  the  work  above 
water  and  into  the  outside  slope,  and  by  eximnsions  make 
it  porous  and  loose  to  a  depth,  at  its  given  latitude,  of  from 
four  to  five  feet  A  frost  covering  was  therefore  plao^ 
upon  it,  and  carried  to  a  heiglit  on  the  inside  of  five  feet 
above  higli-water  line,  and  of  just  sufficient  thickness  at 
high-water  line  to  protect  it  from  frost. 

The  frost-covering  was  composed  of  such  materials  as 
could  be  readily  obtaint?d  in  the  vicinity  of  the  embank- 
ment. It  was  built  up  at  the  same  time,  in  thin  layers,  with 
the  core,  and  the  whole  was  moisten?^  and  rolled  alike, 
making  the  whi>le  so  compact  as  to  allow  no  apparent 
^^ after  setthvienL-''  The  wave  slope  was  built  eighteen 
inches  full,  and  then  dressed  back  to  insure  solidity  be- 
neath the  pavement. 

The  core  of  an  embankment  should  be  built  up  at  least 
to  the  high*^at  flood  level,  which  is  dejjendent  upon  length 
of  overfall  as  well  as  height  of  its  crest,  and  the  frost-cover- 
ing should  Ix^  built  of  good  materials  to  at  least  three  feet 
above  maximum  flood  level. 

360.  Slope  Paving.— The  exterior  slope,  when  soiled, 
was  dressed  to  an  inclination  of  1 J  to  1 ;  the  interior  slope 
was  made  2  to  1  from  one  foot  above  high  watc^r  down  to  a 
level,  three  feet  below  proposed  minimum  low  water,  where 
there  was  a  berra  five  feet  wide,  and  tlie  remainder  of  the 
slope  to  the  bottom  was  made  \\  to  1.  Tlie  lower  interior 
slope  was  paved  with  large  cobbles  driven  tightly,  the  bemi 
with  a  double  layer  of  flat  quarried  stone*  and  tlie  upper 
slope,  which  was  to  be  exposed  to  wave  action,  was  covered 
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with  one  foot  tliickness  of  machine-broken  stone,  like  "  road 

meUil^'^  and  then  jiaved  with  split  granite  paving-blocks  of 

dimensions  as  follows :  Thickness,  10  to  14  inches ;  widths, 

I       12, 14,  or  16  inches ;  and  lengths,  24  to  48  inches. 

^B       A  granite  ledge,  in  sheets  favorable  for  the  splitting  of 

^B  the  above  blocks,  was  near  at  hand,  and  supplied  the  most 

^V  economical  slope  paving,  when  labor  of  placing  and  future 

maintenance  was  considered.     From  one  foot  above  high 

water  to  the  underside  of  the  coping,  the  pa\-ing  had  a  slope 

of  1  to  1.  and  the  face  of  the  coping  was  vertical.  — ■ 

U     MW.  Puddle  Wall.— The  policy  might  be  considered 

1^  questionable  of  using  clay  in  so  large  a  section  of  the 

^P  embankment,  when  the  haulage  of  the  clay  was  greater 

f      than  of  any  of  the  other  materials,  and  when  the  clay  might 

be  confined  to  the  lesser  section  of  the  usual  form  ol  puddle 

I       v>all.    These  methods  of  disposing  the  clay  were  compared 

i        in  a  preliminary  calculation,  both  upon  the  given  basis,  and 

,       that  of  a  puddle  wall  of  minimum  allowable  dimensions, 

viz.,  five  feet  thick  at  the  top  and  increasing  in  thickness 

^K  on  each  side  one  foot  in  eight  of  height^  which  gave  a  maxi- 

^H  mum  thickness  of  18.6  feet  at  base  with  54  feet  height.     (See 

^B  dotted  lines  in  Fig.  59.) 

^P      Tlie  estimate  of  loose  materials  for  each  cubic  yard  of 

complete  core  was— coarse  gravel,  .74  cu.  yard ;  fine  gravel, 

.26  cu.  yd.  ;  sand,  XYl  cu.  yd.  ;  and  clay,  .15  cu.  yd. ;  and 

for  puddle  wall  of  equal  parts  of  gravel  and  clay— gravel 

-       .59  cu.  yd.,  and  clay  .59  cu.  yd. 

^p       This  calculation  gave  the  excess  of  clay  in  the  maximum 
~  depth  of  embaiikincnt,  less  than  4  cubic  yards  per  lineal 
foot  of  embankment,  and  the  excess  at  the  mean  depth  of 
thirty  feet,  about  three-fourtlis  yard  per  lineal  foot  of 
embankment. 

The  difiference  in  estimated  first  cost  was  slightly  against 
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the  mixed  core,  but  in  that  pai-ticular  case  this  was  consid- 
ered to  be  decidedly  overbalanced  by  more  certainly  in- 
8iu*ed  stability,  more  probable  freedom  from  slips  and 
cracks  in  a  vital  part  of  the  work,  and  by  the  additional 
safety  with  which  the  waste  and  draught  pipes  could  be 
passed  tlirough  the  core. 

The  value  of  puddle  in  comi>etent  liands  has,  however, 
been  demonstrat^'d  in  many  noble  embankments.  It  is 
usually  placed  in  the  centre  of  the  embankment,  as  in 
Pig.  61,  and  occasionally  near  the  slope  paving,  as  in 
Fig.  62,  from  a  design  by  Moses  Lane,  C.  E. 

363.  Rubble  Priming  Wall. —The  drift  formation 
presents  a  great  variety  of  mateiials  ;  but  not  always  such 
as  are  desired  for  a  storage  embankment,  in  the  immediate 
vicinity  of  its  site.  The  selection  of  proper  materials  often 
demands  the  best  judgment  and  continued  attention  of  the 
engineer.  Clay,  wliich  is  often  consideivd  indispensable  in 
an  embankment-,  may  not  be  foimd  within  many  miles. 

F'ig-  60  (p.  84)  gives  a  section  of  an  embankment  oon- 
stnicted  where  the  best  mat^^rials  were  a  sandy  gravel  and 
a  moderate  amount  of  loam,  but  abundance  of  gneiss  rock 
and  boulders  were  obtainable  close  at  hand. 

Here  a  priming  wall  of  thin  split  stone  was  carried  \\\\ 
in  the  heart  of  tJie  embankment  from  the  bed-rock,  which 
was  reached  by  trenching.  Each  stone  was  first  dashed 
clean  Avith  water,  and  then  carefully  floated  to  place  in  gocnl 
cement  mortar,  and  i>ams  taken  to  iill  the  end  and  gide 
joints,  and  exceeding  care  was  taken  not  to  move  or  in  any 
way  disturb  a  stone  about  whicli  the  mortar  had  begun  to 
set  No  stones  were  allowed  to  be  broken,  spalted,  or 
hammennl  upon  the  wall,  neither  were  swing  chains  dmwn 
out  througli  the  bed  mortar.  The  construction  of  a  water- 
tight wall  of  rubble-stone  is  a  work  of  skill  that  can  be 
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performed,  but  the  ordinaiy  layer  of  foundation  masonry 
in  cement  mortar  seems  no  more  to  comprehend  it  tLan 
would  a  fiddler  at  a  country  dance  the  enchanting  strains 
of  a  Vieuxtemps  or  PagauiuL 

Grouting  such  rubble-stone  walls,  according  to  the  usual 
naetliod,  will  not  accomplish  the  desired  result,  and  is 
destructive  of  the  most  valuable  properties  of  the  cement, 

363.  A  Li^ht  Eiiibaiiknient. — In  this  embankment 
(Fig.  60),  selected  loam  and  gravel  were  mLxed  in  due  pro- 
portions on  the  upper  side  of  the  priming  wall,  so  as  to 
insure,  as  nearly  as  possible,  imperviousness  in  the  earth- 
work. The  entire  embankment  was  built  up  in  layers, 
spread  to  not  exceeding  four  or  five  inches  thickness,  and 
moistened  and  rolled  with  a  heavy  grooved  roll*»r. 

Tlie  cTOSs-sectiou  of  this  work  is  much  lighter  than  that 
advised  by  st^veral  standard  authorities,  both  alope-s  being 
1|  to  1,  but  gnmt  bulk  was  modified  by  the  application  of 
excellent  and  fkithfiU  workmanship.  Tliis  embankment 
retains  a  storage  lake  of  sixty-six  acn^s  and  thirty  feet 
maximum  depth.  It  was  completed  in  180^i»  and  has 
proved  a  jK^rfect  success  in  all  respi'cts.  This  woik  fills  the 
offices  of  both  an  impounding  and  distributing  reservoir,  in 
a  gravitation  water  supply  to  a  New  England  v.\[y. 

3G4.  Distribution  Reser^'oirs. — Distributing  reser- 
voirs are  frequently  located  over  porr)us  sub-soils  and 
require  puddling  over  their  entire  bottoms  and  beneath 
considerable  portions  of  their  embankments,  and  puddle 
walls  are  usually  carried  up  in  the  centn?8  of  their  embank- 
ments or  near  their  inner  s1oj^m?s. 

The  same  general  principles  an*  applicable  to  distrib- 
uting as  to  stonige  reservoir  embankments. 

365.  Application  of  Fine  Sand.— Fig.  68  (p.  333)  illus- 
trates a  case  wliere  the  bottom  was  puddled  with  clay,  but  a 
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sufficiency  of  clay  to  puddle  the  einbanknu'iits  was  not  ob- 
tainable. The  embankment  is  here  constructed  of  gravel, 
coarse  sand,  very  fine  sand,  and  a  moderate  amount  of 
loam.  The  materials  were  selected  and  mixed  so  as  to 
secure  impLTviousness  to  the  greatest  possible  extent,  and 
were  put  together  in  the  most  compact  manner  possible,  and 
have  proved  successful.  This  has  demonstrated  to  the  sat- 
isfaction of  the  writer  that  very  fine  sand  may  replace  to  a 
considerable  extent  the  clay  that  is  usually  demanded,  and 
his  experience  includes  several  examples,  among  wliich,  on 
a  single  work,  is  more  than  three-fourths  of  a  mile  of  suc- 
cessful embankment  entirely  destitute  of  clay,  but  sand 
was  used  with  tlie  gravel*  of  all  grades,  from  microscopic 
giains  to  coarse  mortar  sand,  and  a  sufficiency  of  loam  was 
used  to  give  the  i-cquirod  adhesion.  The  outside  slopes 
were  heavily  soiled  and  grassed  as  soon  as  possible. 
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366.  3Ia80iir>*-fiM5^l  Embankment. — When  there 
is  a  necessity  for  economizing  space,  one  or  both  sides  of  an 
embankment  may  be  faced  with  masonry. 

An  example  of  such  construction  is  selected  from  tlie 
practice  of  a  successful  engineer  in  one  of  tJhe  Atlantic 
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States,  and  is  shown  in  Fig.  61.  A  method  of  introducing 
clay  puddle  into  a  ceutral  wall  in  the  embankment,  binieath 
the  embankment,  and  on  the  resen'oir  bottom,  is  also  here 
ehown.  The  puddle  of  the  reseiToir  bottom  is  usually 
covered  with  a  layer  of  sand. 

367.  Coiiorote    Paviiij?, — The  lower  section   of  the 
slope  paring  of  the  distributing  reservoir,  Fig.  68,  was  built 
up  of  concrete^  composed  of  broken  stone  4  parts ;  coarse 
Band  1  part ;  fine  sand  1  part ;  and  hydraulic  cement  1  part. 
The  cement  and  sand  were  measured  and  mixed  dry,  then 
moistened,  and  tlien  the  stone  addc*d  and  the  whole  thor- 
oughly worked  together.    The  concn>te  was  then  deposited 
^.nd  rammed  in  place,  building  up  fn^m  the  base  to  the  top, 
in  sections  of  about  forty  feet  length.    A  very  small  quan- 
tity of  water  sufficed  to  give  the  concrete  the  proper  con- 
sistency, and  if  more  was  added  the  concrete  inclined  to 
^uake  under  tlie  rammer,  which  was  an  indication  of  too 
Wiuch  water. 

The  general  tliickness  of  the  concrete  sheet  is  ten  inches, 

and  there  is  in  addition  four  ribs  upon  the  back  side  to  give 

it  bond  with  tlie  ombankraeut,  and  to  give  it  stiffiiess,  and 

also  to  check  the  liability  of  the  sheet  being  lifted  or  cracked 

by  back  pressure  from  wati^^r  in  the  embankment^  when  the 

water  in  the  reservoir  may  be  suddenly  drawn  down. 

The  uppi^r  part  of  the  slope  that  is  exposed  to  frost  is 
of  granite  blocks  laid  uix)n  broken  stone.  The  layer  of 
hroken  stone  at  the  wave  line  is  lifteen  inches  thick,  which 
is  none  too  great  a  thickness  to  prevent  the  waves  from 
sucking  out  earth  and  allowing  the  jiaving  to  settle. 

3458.  EmbankmtMit  Shilces  and  Pipes.— Arched 
daices  have  been  in  many  cases  built  through  the  founda- 
tion of  the  embankment  and  the  discharge  pipes  laid  thennn, 
and  then  a  masonry  stop-ioall  built  around  the  pipes  near 
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the  upper  end  of  tlie  eluice.  By  this  plan  the  pipes  are 
ox>en  for  inspection  from  the  outside  of  the  embankment  up 
to  the  stop  wall.  K  the  sluice  is  not  circular  or  elliptical, 
its  floor  should  be  counter-arched,  and  its  sides  made  strong, 
to  resist  the  great  pressure  of  the  water  tliat  may  saturate 
the  earth  foundation. 
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Such  a  sluice  is  sometimes  built  in  a  tunnel  through  tlie 
hillside  at  one  end  of  the  embankment.  Tlie  latter  jilan, 
wlien  the  upper  end  of  tlie  tunnel  is  through  rock,  is  the 
safer  of  the  two,  otherwise  there  is  no  place  where  it  can  be 
more  safely  founded,  constructed,  and  puddled  around, 
than  when  it  is  built  upon  the  uncovered  foundation  of  the 
embankment,  either  at  tiie  lowest  point  in,  or  upon,  one 
side  uf  the  valley,  since  every  facility  is  then  offered  for 
thonmgh  work,  which  cannot  so  easily  be  attained  in  an 
earth  tunnel  obstructed  by  timber  supports. 

A  circular  or  rectangular  well  rising  above  the  water 
surface,  is  usually  built  over  the  upper  end  of  the  sluice, 
and  contains  the  valves  of  the  discharge  pipes,  and  inlet 
sluices  at  different  heights,  admitting  water  to  the  pipes 
from  different  points  Iwlow  the  surface  of  tlie  reservoir. 

AYlien  the  sluice  is  U8e<l  for  a  waste-sluice,  also,  the 
stop-wall  is  omitted,  and  the  sluice  well  rises  only  to  the 
weir  cTvst  level,  or  has  openings  at  that  level  and  an  addi- 
tional opening  at  a  lower  level  controlled  by  a  valve. 
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Sometimes  heavy  cast-iron  pipes,  for  both  delivery  and 
waste  purposes,  are  laid  in  the  earthwork,  instead  of  in 
sluices,  in  which  case  the  puddle  should  be  rammed  around 
them  with  thoroughness.  In  this  latter  case  they  should  be 
tested,  in  place,  under  water  pressure  before  being  covi*red. 
A  suitable  hand  force-pump  may  be  used  to  give  the 
requisite  pressure  if  not  otherwise  obtainable.  Bell  and 
socket  pii>es  with  driven  lead  joints  are  used  in  such 
cases,  and  projecting  flanges  are  cast  around  the  pipes  at 
interv^als. 

The  method  of  laying  and  protecting  discharge  i>ipes,  as 
shown  in  Pig.  60  (p.  84),  has  been  adopted  by  the  writer  in  sev- 
eral instances  with  very  satisfactory  results.  A  foundation  of 
masonry  is  built  up  from  a  firm  earth  stratum  to  receive  the 
pipes,  and  th(?n  when  the  pipes  liave  been  laid  and  tested, 
they  are  covered  with  masonry  or  concrete.  In  such  case 
the  sides  of  the  masonry  are  not  faced,  and  pointed,  or  plas- 
tered, but  tlie  stones  are  purposely  left  projecting  and 
recessed,  and  the  covering  stones  are  of  unequal  heiglits, 
making  irregular  surfaces.  This  method  is  more  economi- 
cal in  construction,  and  attains  its  obj(»ct  mon?  successfully 
than  the  faced  break-walls  sometimes  projected  from  the 
sides  of  gate-clianibers  and  sluices. 

Tlie  puddle  or  core  material  is  rammed  against  the  ma- 
sonry in  all  cases,  so  as  to  lill  all  interstices  solid.  This 
portion  of  the  work  demands  tlie  utmost  thoroughness  and 
faithfulness ;  and  with  such,  the  structure  will  be  so  far 
reliable,  and  othenvise  may  be  uncertain. 

309*  Gaite  Chainl>erH, — \Vhen  an  impounding  reser- 
voir is  deep,  requiring  a  high  embankment,  it  is  advisable 
to  place  the  effluent  chamber  upon  one  side  of  the  valley 
toward  the  end  of  the  embankment  with  the  effluent  pipes 
for  ordinary  use  only  aa  low  as  may  be  necessarj'  to  draw 
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the  lake  down  to  the  assumed  low  water  level,  as  in  Fig.  63, 
showing  the  inside  slope  of  an  embankment. 

A  waste-pipe  for  drawing  off  the  lowest  water  is,  in  such 
case,  extended  from  the  front  of  the  effluent  chamber,  side- 
ways down  the  slope  and  side  of  the  valley  to  the  bed  of 
its  old  channel,  and  is  fitted  with  all  details  necessary  for  it 

Fig.  63. 
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to  perform  the  office  of  a  eiphon  when  there  shaU  be  oecA- 
sion  to  draw  the  reservoir  lower  than  the  level  of  the  gate 
chamber  floor.  By  such  arrangement  the  pipes  may  pass 
tlirough  the  embankment,  or  through  a  sluice  or  tunnel  in 
the  side  of  a  hill  at  a  level  twenty  or  twenty-five  feet  above 
tlie  bed  of  the  valley. 

When  a  valve-chamber  is  built  up  fhim  the  inner  toe  of 
the  embankment,  so  that  the  water  surrounds  it  at  a  higher 
level,  provision  must  be  made  for  the  ice-thnist,  lest  it  crowd 
Iwick  toward  the  embankment  the  upper  portion  sufficiently 
to  make  a  crack  in  the  wall ;  and  precaution  must  also  be 
taken  to  prevent  the  ice  lifting  bodily  the  whole  top  of  the 
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chamber  when  the  water  rises  in  >*1nter,  as  it  usually  doee 
in  large  storage  reservoirs. 

The  writer  lias  usually  connected  the  gate-house  with 
thf!  embankment  by  a  solid  pier,  when  there  would  other- 
wise be  opporttinity  for  the  ice  to  yield  behind  the  chamber 
by  slipping  up  the  paving,  as  it  expanded,  and  thus  en- 
danger the  gaU3-chaniber  masonry. 

There  are  inlets  through  the  front  of  the  efl3uent  chamber 
shown  in  Fig.  63,  at  different  depths,  permitting  tlie  water 
to  be  drawn  at  different  levels. 

These,  when  the  volume  of  water  to  be  delivered  is  small, 
may  be  pieces  of  flanged  cast-iron  pipe  built  into  the 
masonry,  vnih  stop-valves  bolted  tliereon,  but  usually  are 
rectangular  openings  with  cast-iron  sluice- valves  and 
frames  (Fig.  04)  secured  at  their  inside  ends.  The  seat  and 
bearing  of  the  valves  are  faced  with  a  bronze  composition, 
which  is  planed  and  scraped  so  as  to  make  water-tight 
joints.  Tlie  screw-stem  of  the  valve  is  also  of  composition, 
or  aluminum  or  nmnganew  bronze. 

If  such  a  valve  exceeds  2-3"  x  2'-9"  in  area,  or  is 
under  a  i)n»8suri>  of  more  than  twenty  feet  head,  some  form 
of  geared  motion  is  usually  nwessary  to  enable  a  single 
man  to  stall  it  with  eas*.*. 

It  is  usually  advisable  to  increase  the  number  of  valves 
rather  than  to  make  any  one  so  large  as  to  be  unwieldy  in 
the  hands  of  a  single  attendant,  even  at  the  expense  of  some 
frictional  head. 

The  stem  of  the  small  valves  usually  passes  up  through 
a  i>edestal  resting  on  tlie  fioiir  of  the  chamber,  and  through 
a  nut  in  the  centre  of  a  hand- wheel  that  involves  upon  the 
jiedestal. 

Tlie  outside  edge  of  each  valve-frame  should  be  so  fonned 
that  a  temporary  wood  stO])-gate  might  be  easily  fitted 
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against  it  by  a  diver,  in  case  accident  required  the  removal 
of  the  valve  for  repairs.  Tlie  chamber  miglit  then  be  readily 
emptied  and  the  valve  removed,  without  drawing  down  tlie 
lake. 

Upon  the  back  of  the  valve  (Fig.  64)  are  Ings  faced  with 
bronze,  and  upon  the  frame  corresponding  lugs,  both  being 
aiTanged  as  inclined  ]>lanes,  and  tlieir  office  is  to  conline  the 
valve  snug  to  its  seat  when  closed. 

If  the  valve  is  secured  to  tlie  side  of  the  ojK^ning  opposite 
to  that  which  the  current  apprtmches,  or  to  the  pressure,  its 
bolts    niu«t    enter    d(?ep    into  or  pass 
through  the  masonry. 

A  slight  flare  is  usually  given  to  the 
sluice-jambs,  from  the  sluice-frame  out- 
ward. 

370*  Sluice- Valve  Areas.— Wlien 
the  head  is  to  be  rigidly  economized, 
the  submerged  sluice-valve  area  must 
be  sufficient  to  pass  the  required  vol- 
ume of  water  at  a  velocity  not  exceeding 
about  five  lineal  feet  per  second ;  when 
the  loss  of  head  due  to  passage  of  the 
valve  will  not  exceed  about  one-half 
foot. 

If  Q  is  the  maximum  volume,  in  cu 
ft.  per  second  ;  S,  the  area  of  the  sluice 
in  sqiiare  feet ;  ??,  the  assumed  maxi 
mum  velocity ;  then 

Q  =  c8v,  (1) 

in  which  cis  a  coefficient  of  contraction, 
that  may  be  taken,  for  a  mean,  as  equal 
to  .70  for  ordinary  chamber- sluices. 
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Prom  this  equation  of  Q^  we  derive  tLat  of  area, 

Q 


s 


CO 


(2) 


Let  ^  =  70  cabic  feet  per  second ;    v  =  5  lineal  feet 

Q 
per  second ;  then  we  have  -  =  20  square  feet  area,  and  we 

may  make  the  valve  opening,  say  4'  x  6'. 

If  there  are  a  number  of  valves,  whose  respective  areas 
are  ^l,  j2>  ^s  •  •  •  •  s^t  then 

Q 


CD 


=  «i  +  «j  •+-*,....    +*. 


(8) 


or  advisedly  we  shonld  give  a  slight  excess  to  the  sum  of 
areas  and  make  Si  -h  Si  -\-  s^ .  , 


+  *->! 


Pio,  f». 


371.  Stop-Valve  Indicator. — When  a  stop-valve  is 
used,  instead  of  a  aluice-valvc  whose  screw  rises  through 
the  hand-wheel,  it  is  usually  desir- 
able to  have  some  kind  of  an  indi- 
cator to  show  how  nearly  the  stop- 
valve  is  to  full  open. 

Pig.  65  illustrates  such  an  indi- 
cator attached  to  the  hand -wheel 
standard,  as  manufactun*d  by  the 
Ludlow  Valve  Co.,  at  Troy,  N.  Y. 
A  worm-screw  upon  the  valve-stem 
revolves  the  indicator-wheel  at  the 
side  of  the  standard,  and  indicates 
tlie  various  lifts  of  the  valve  between 
shut  and  full  open. 

372.  Power  Il4>qiiired  to  Oi>en 
a  Valve,— Tile  theoretical  com|)uta- 
tion  of  the  power  required  to  start  a 
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closed  valve,  when  it  is  pressed  to  its  seat  bj  a  head  of  -water 
upon  one  side  and  subject  only  to  atmospheric  pn^ssnn'  on 
the  other  side,  is  attended  with  some  uncertainties ;  neverthe- 
less this  computation,  subject  to  such  coefficients  as  experi- 
ence suggests,  is  a  valuable  aid  when  proportioning  the  parts 
of  new  designs. 

Take  the  case  of  the  metal  sluice-valve,  Fig.  64,  raised 
by  a  screw,  with  its  nut  placed  between  collars  in  tlie  top 
of  a  pedestal,  and  revolved  by  a  hand-wheel,  and  let  the 
centre  of  water  pressure  upon  the  valve  be  at  a  depth  of 
30  feet  Let  the  size  of  valve-opening  be  2'-6"  x  2-9",  the 
pitch  of  the  screw  .75  inch,  and  the  diameter  of  the  hand- 
wheel  30  inches. 

The  weight  has  to  slide  along  the  spiral  inclined  plane 
of  the  screw,  but  its  actual  advance  is  in  a  vertical  line,  the 
pitch  distano-e,  for  each  revolution  of  the  screw. 

The  x)ower  is  applied  to  the  hand-wheel,  which  is  equiva- 
lent to  a  lever  of  lengtli  equal  tt)  its  radius,  moving  through 

a  horizontal  distance  equal 
to  the  circumference  of  its 
circle  (=  radius  x  6.283^ 
and  a  vertical  distance 
equal  to  the  pitch  of  the*^ 
■crew. 

The  distance  d,  moved  through  by  the  power  in  each 

revolution,  is  the  hypotheuuse  6r,  Fig.  66,   of  au  angle 

whose  base,  ab^  equals  the  circumference  of  its  circle,  and 

whose  perpendicular,  ac,  equals  the  pitch  of  the  screw  = 

f^ircumferenw*  -f-  pitch^  =  d. 

Let  w  be  the  weight  in  lbs.;  p  the  pitch,  in  inches ;  d  the 
distance  moved  by  the  power  per  revolution,  in  inches,  and 
P,  the  power,  in  footrpounds.. 

According  to  a  theory  of  mechanics,  the 


Fio.  66. 
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VeL  of  Power  :  Vel.  of  Weight  ::  Weight  :  Power;  or, 
d  :  p  ::        w        :       P. 

The  weigJti,  in  this  case,  includes  the  actual  weight  of 
the  iron  valve  and  its  stem  ;  its  friction  upon  its  seat  due  to 
the  pressure  of  water  upon  it ;  the  friction  of  the  screw  upon 
its  nut,  and  the  friction  of  the  nut  upon  its  collar.  These 
we  compute  as  follows : 


Weight  of  ^-n]v6,  assumed 
FrirtioD  of  valve  (16469  Ibu.  presi  x  oocf.  20) 
Friction  of  screw  (800  +  8094)  ><  wef.  20 
Friction  of  nut  (300  +  8094)  x  wvt  16 
Total  equivalent  weight,  w 


DlBtanoe  of  power,  d  = 
In  the  form  of  equation, 


dream.'  x  pitdi'fJ 


= 

800  Itw. 

= 

3094  " 

= 

67«  '• 

= 

60t  '• 

= 

4674  " 

— 

04.26  inches. 

r^ 

.76   " 

top 
d 


4574  X  .75 
94.25 


36.4  lbs. 


(4) 


Theoretically,  this  power  applied  at  the  circumference 
of  the  hand-wlK?el  would  be  just  upon  tlio  point  of  inducing 
motion,  or  if  this  power  was  in  unifomi  motion  around  the 
screw,  it  would  jnst  maintain  motion  of  tlie  weight.  'I'he 
theory  here  admits  that  the  screw  and  nut  are  cut  truly  to 
their  incline,  and  that  there  is  no  binding  between  them  due 
to  mechanical  imi>erfection. 

When  two  metal  faces  remain  pressed  together  an  ap- 
preciable length  of  time,  the  projections  of  each  enter  into 
the  opposite  recesses  of  the  other,  to  a  certain  extent.  These 
projections  of  the  moving  weight  must  be  lifted  out  of  lock, 
and  the  inertia  of  the  weight  must  be  overcome  before  it 
can  proceed.  Metal  valves  usually  drop  against  an  inclined 
wedge  at  their  back  that  presses  them  to  their  seat,  and 
there  b  also  a  fibre  lock  with  this  wedge,  or  "stick,"  as  it 
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is  commonly  called,  accordlag  to  the  force  with  which  the 
valve  is  screwed  home. 

Hence*  the  power  required  to  start  a  valve  is  often  double 
<^r  treble,  or  even  quadruple  that  tliat  would  theoretically 
bo  required  to  maintain  it  in  motion  the  instant  after  start- 
ing. The  equation  for  starting  the  valve  in  such  caae  may 
become, 

^  =  P.  (6) 

The  computed  distance  which  the  power  moves  per  revo- 
lution (94  25  inches)  finals  7.854  feet^  and  tbe  computed 
power  36.4  lbs.  K  twenty  revolutions  of  the  hand-wheel  are 
made  i)er  minute,  then  the  power  exerted  is  theoretically 
7.854  ft.  x20  rev.  X  86.4  lb.  =  6717.7  foot-pounds  per  minute. 
Tliis  is  a  little  more  than  one-sixth  of  a  theoretical  horse- 
power. 

If,  for  the  hand-wheel,  which  revolves  the  nut,  there  is 
substituted  a  spur-gear  of  equal  pitch  diameter,  and  into 
this  meshes  a  pinion  of  one-third  this  diameter,  and  the 
same  hand-wheel  is  placed  upon  tVie  axle  of  the  pinion,  thou 
the  new  power  required  will  be  reduced  projiortionally,  as 
the  square  of  diameter  of  the  pinion  is  reducf»d  from  the 
square  of  diameter  of  the  sj)ur,  or  in  this  case,  one-ninth. 

373.  A<U"J*tHbIe  Effluent  Pipe. —  An  adjustable 
effluent  pipe,  capable  of  revolving  in  a  vertical  plane,  and 
connected  directly  to  the  main  supply  pipe,*  is  shown  in 
Fig.  60  (p.  84). 

This  adjustable  pipe  is  constructed  of  heavy  sheet  cop- 
per, and  is  sixteen  inches  in  diameter.     Upon  its  end  is  a 


*  This  ingenious  form  of  flexible  joint  was  suggested  to  the  writer  by  Hon. 
AIIhi  F.^  Smith,  one  rif  our  nio«t  ablo  Atufrlcan  mccliuiicia]  engineers.  Mr. 
Smith  rlet^ijnicd  this  joint  uiany  years  a^^,  und  used  it  at  watering  etatkuu 
upon  tlio  Hudson  Rivor.  and  other  railrofids  under  lits  charge. 
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perforated  bulb,  through  which  tlie  water  enters  the  pipe. 
The  movable  section  of  the  pipe  is  counter-weighted  within 
the  chamber,  so  the  bulb  can  be  set  at  any  desinHl  deptli 
in  the  watt^r,  or  raised  out  of  water  to  tlie  platform  upon  the 
chamber,  for  cleaning,  expeditiously  and  easily  by  a  single 
attendant.  Tliis  an-angenient  has  operated  most  satisfac- 
torily during  the  eight  years  since  its  completion,  and  de- 
livers the  water  supply  for  about  18,000  inhabitants. 

Equivalent  devices  have  been  adopted  in  several  in- 
stances in  Europe  and  in  India,  and  they  ai-e  esjxjciallj- 
applicable  to  cases  where  the  impounding  rew^rvoirs  are 
alsf>  the  distributing  reservoirs,  without  the  intervention  of 
filtering  basins,  and  to  cases  where  the  surface  Huctuatea 
frequently,  rapidly,  or  to  a  considerable  extent. 

When  a  sudden  or  considerable  decrease  of  the  tem- 
perature of  the  air  chills  the  quiet  reservoir  water  surface, 
and  thus  induces  a  vertical  motion  in,  or  shifting  of  position 
of  the  whole  mass  of  water,  the  bulb  may  be  made  to  fol- 
low the  most  wholesome  stratum. 

If  the  imj)onnded  water  is  to  he  led  to  filter-beds  or  to 
one  or  more  distiibutiug  reseiToirs,  then  the  discharge- 
pipes  lead  directly  from  the  effluent  chamber. 

374.  Fish  Sci-eeuH, — In  the  chamber.  Fig.  67,  is  shown 
a  set  of  fish-screens,  arrang*?d  in  panels  so  as  to  slide  out 
Lily  for  cleaning.  The  finer  ones  of  the  double  set  aiv 
of  No.  15  copper  wire,  six  meshes  to  the  inch,  and  the 
coarser  ones  of  No.  12  copper  wire,  woven  as  closely  as 
possible. 

Figs.  67  and  dS  sliow  a  plan  of  and  a  vertical  section 
through  an  influent  chamber  of  a  distributing  reservoir. 

The  pipes  d  d  deliver  water  from  the  impounding  reser- 
voir, or  may  he  force  mains,  leading  from  pum]>ing  engines 
to  the  chamber  A.    The  main  chamber  is  divided  in  two 
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parts,  for  convenience  in  management  when  there  are  sev- 
eral delivery  pipes.  There  are  sluices  I'  ^\  controlled  "by 
valves,  tlirougli  which  the  water  may  be  adniitted  to  the 
restaT^oir  C  There  is  also  a  weir,  /,  over  which  water  may 
be  passed,  iusk^ad  of  through  the  sluices. 
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Grooves  are  prepared  in  each  section  of  the  main  cham- 
ber for  a  double  set  of  screens.  S3. 
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^  is  a  waste  chamber,  and  e  a  waste  pipe,  and  w  a  waste 
overflow  weir. 

A  frost  curtain,  m,  is  placed  in  front  of  the  inflow  weir, 
to  prevent  the  water  surface  in  the  chamber  from  fivezing, 
if  the  pumps  are  not  in  operation  during  winter  nights. 

There  are  drain  pipes,  p,  leading  from  the  sections  of 
the  main  chamber  to  the  waste  well. 

In  the  dividing  partition  is  a  sluice,  with  valve  so  that 
the  whole  chamber  may  be  connected  as  occasion  requires, 
A  distributing  reservoir  effluent  cluiniber  mie:ht  be  simi- 
lar to  tlie  above,  omitting  the  waste  chamber,  weirs,  and 
frost  curtain ;  the  direction  of  the  current  would  in  this  case 
be  reversed,  of  course. 

In  the  effluent  cliamber  of  the  reservoir  shown  in  Fig.  68, 
a  check-valve  is  placed  in  the  effluent  pipe,  so  that  when 
the  pumps  are  forcing  water  into  the  distribution  pipes 

►und  the  reservoir,  with  direct  pressure,  the  water  will 
not  return  into  tlie  reservoir  by  the  8n])ply  main. 

375,  Gate-Chamber  FoiuidutioiiHt — Gat*?-chamber8 
built  into  the  inner  slope  of  an  earthwcak  embankment  will 
introduce  an  element  of  weakness  at  that  point,  unless 
intelligent  care  is  exercistKi  to  prevent  it. 

Any  after  settlement  along  the  sides  of  the  foundation 
or  walls  of  the  chamber  separates  the  earth  from  the 
masonry,  leaving  a  void  or  loose  materials  along  the  side 
of  the  masonry,  which  permits  the  water  of  the  reservtnr  to 
percolate  along  the  side  to  the  back  of  the  chamber,  under 
the  full  liead  pressure. 

Tiie  stratum  of  earth  on  which  the  foundation  rests 
should  be  not  only  impervious,  but  so  firm,  or  made  so 
firm,  that  no  settlement  of  the  foundation  can  take  place. 
If  tlie  chamber  is  high  and  heavy,  the  footing  courses 
should  be  extended  on  each  side  so  as  to  distribute  the 
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weight  on  an  axea  of  earth  larger  than  the  section  of  the 
chamber. 

The  foundation  of  the  chamber  is  to  be  water-tight,  and 
capable  of  resisting  succeBsfull}'  the  upward  pressure  upon 
its  bottom  due  to  the  head  of  water  in  the  reservoir,  when 
the  chamber  is  empty. 

:n(>.  Foiiiidatioii  Conerote.— The  use  of  heion^  or 
hydraulic  concrete,  is  often  advisable  for  the  bed-course  of 
a  valve-chamber  foundation,  to  aid  in  distributing  the 
weight  of  the  structure  and  in  securing  a  water-tight  floor. 
The  composition  of  the  concrete  is  to  be  proportioned  for 
thesi*  especial  objects.  Concrete  for  a  revetment,  demands 
weight  as  a  special  element ;  for  a  lintel,  tensile  strength ; 
for  an  arch,  compressile  strength ;  but  for  the  submergi'd 
foundation  of  a  gate-chamber,  impermousness^  which  will 
ensure  sufficient  strength. 

The  volume  of  cement  should  equal  one  and  one^third 
times  the  volume  of  voids  in  the  sand.  Tlie  volume  of  mor- 
tar should  equal  one  and  one-third  times  tlie  volume  of 
voids  in  the  coarse  gravel  or  broken  stone.  The  cement 
and  sand  should  be  first  thoroughly  mixed,  then  tempered 
with  the  proper  quantity  of  water  equally  worked  in,  and 
then  the  mortar  should  be  thoroughly  mixed  with  the 
coarse  gravel  or  broken  stone,  which  should  be  clean,  and 
evenly  moistened  or  sprinkled  before  the  mortar  is  intro- 
duced. None  of  tlie  inferior  cement  so  often  appearing  in 
the  market  should  be  admittt^  in  this  class  of  work.  Good 
hydraidic  lime  may  in  some  cases  be  substituted  for  » 
small  portion  of  the  cement,  say  one-third. 

The  concrete  should  be  rammed  in  place,  but  never 
a  process  that  will  disturb  or  move  concrete  previou 
rammed  and  partially  set.  A  very  moderate  amount 
water  in  the  concrete  suffices  when  it  is  to  be  rammed. 
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377.  Chamber  Walls.  — Fine -cut  beds  and  builds, 
lianiuiered  end  joints,  and  coursed  work,  in  chamber  ma- 
sonry, make  axjiensive  structures,  but  even  such  work  is 
hardly  made  wal4?r-tight  by  a  poor  or  careless  mechanic. 
A  great  deal  of  skill  and  care  must  be  brought  into  requi- 
sition Ui  make  a  rubble  wall  water-tight. 

Imi>erviou8neBS  is  here,  again,  a  special  object  sought. 
Tliat  a  wall  may  be  impervious,  its  mortar  must  be  imper- 
vious; its  voids  must  be  comi^ctly  tilled,  every  one;  its 
8tonf*s  must  be  cleanixl  of  dust,  m<»i8tened,  laid  with  close 
joints,  and  well  bedded  and  bonded ;  and  no  stone  must 
be  shaken  or  disturbed  in  the  least  after  the  mortar  has 
begun  to  set  around  it. 

Stone  must  nf)t  be  broken  or  hammered  upon  the  laid 
wall,  or  other  stones  will  be  loosened.  Stones  should  be  so 
lewised  or  swung  that  the  bod  or  joint  mortar  shall  not  be 
disturbed  when  the  stone  is  floated  into  place. 

The  plan  occasionally  adopted  of  f^rfiuting  several  courses 
at  the  same  time  witli  thin  liquid  grout,  might  answer  in  a 
cellar  wall  wlien  the  objiM't  was  to  prevent  rats  from  j)enim- 
bulating  through  its  centr**,  but  it  is  unreliable  in  a  cham- 
ber or  tank-wall  intended  to  resist  percolation  under  pres- 
sure. Skillful  workmanship,  in  hydi-aulic  masonry,  is 
cheaper  than  expensive  stock- 
24 
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378.  Caual  Baiiks.— The  stoi-ed  waters  of  an  impound- 
ing i-eservoir  are  sonietuncs  conveyed  in  an  open  canal 
toward  the  disti'ibnting  reservoir,  or  the  city  where  they  are 
to  be  consumed,  or  for  the  pui-poses  of  irrigation.  The 
theory  of  flow  in  Buch  cases  has  been  already  discussed 
(Chap.  XV). 

The  subsoils  over  which  the  canal  leads  require  careful 
examination,  and  if  they  are  at  any  point  so  open  and 
porous  as  to  conduct  away  water  flora  the  bed  of  the  canal, 
the  bed  and  sides  must  l>e  lined  with  a  layer  of  puddle 
protected  from  frost,  as  in  Fig.  69,  showing  a  section  of  a 
puddled  channel  in  a  aide-hill  cut. 

Fig.  69. 
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The  retaining  channel  bank  on  the  down-hill  side  is  con- 
structed upon  the  same  principles  as  a  reservoir  embank- 
ment (§  351),  the  chief  objects  being  to  secure  solidity, 
impennousness,  and  permanence. 
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A  loQgitudiiml  drain  along  thi^  upper  slope  of  »ide-hill 
sections  will  prevent  the  washing  of  soil  into  the  canaL 
The  water  slopes  will  require  revetments  or  paving  from 
three  feet  below  low-water  to  two  feet  above  high-water 
line,  and  paving  or  rubbling  down  the  entire  filox>e  at  their 
concave  curves. 

Substantial  revetments  or  pavings  of  sound  stone  are  the 
most  I'conomical  in  the  end. 

Revetments,  built  up  of  bundles  of  fascines  laid  with 
ends  to  the  water  and  each  layer  in  height  falling  back 
with  the  slojM?  line,  have  been  used  to  some  extent  on  the 
banks  of  canals  of  transport,  and  on  dykes.* 

If  the  slopes  are  rip-rapped,  or  pitched  with  loose  stone, 
the  slopes  must  lx»  sufficiently  Hat,  so  the  waves  and  the 
fiost  will  not  work  the  stones  down  into  the  water,  and  de- 
mand constant  n^pairs. 

The  retaining  canal  banks  of  the  head  races  of  water- 

jx)wers  have  sometimes 
a  longitudinal  row  of 
jointed-edgiHl  sheet-piles 
through  their  centre.  The 
selected  mixed  earth  is 
compactly  settled  on  both 
sides  of  this  piling,  as 
shown  in  Pig,  70.  Such 
piling  tends  to  insure  im- 
I>erviousnt^ss,  prevent  vermin  from  burrowing  through  the 
bank,  and  lasts  a  long  time  in  compact  earth. 

379.  InrliiiationH  and  Velocities  in  Practlco.— 
The  unrevetted  trapezoidal  canals  in  earthwork,  for  water- 


Fig.  70. 


SHBET-riLXD  CHAMKBL  BAKK. 


*  VUde  ninstTBtton  of  Fom  Dyke  in  Sterenson's  Canal  and  Rlrer  Engrlneer- 
ing.  P*  ly.  Edinburnfh,  1872:  and  Miiwitisippi  River  Dyko  at  Bnwjer's  Bend. 
Beport  Chief  uf  U.  S.  Eogluecre,  Jane  30,  1873. 
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supplies,  irrigation,  and  for  ]iydranlic  power,  except  in 
water -powers  of  great  magnitude,  have  sectional  areas, 
respectively,  between  500  and  5o  square  feet  limits,  and 
hydraulic  mean  radii  between  7  and  2.5. 

In  such  canals  the  surface  velocities  range  between 
5  feet  and  2  feet  per  second,  and  the  inclinations  of  surface 
between  .75  feet  (=  .000104)  and  3,5  feet  (=  .000663)  per 
mile. 

Practice  indicates  tliat  the  favorite  surface  velocity  of 
flow,  in  such  straiglit  canals,  is  about  2.5  feet  per  second, 
in  canals  of  about  live  feet  depth,  being  less  in  shallower 
canals,  and  increased  to  3,5  feet  per  second  in  canals  of 
nine  feet  depth. 

Only  very  firm  earths,  if  unprotected  by  paving  or  rub- 
ble, will  bear  greater  velocities  without  such  considerablo 
erosions  as  to  demand  frequent  repairs. 

Bariiell  states*  that  the  inclinations  given  to  the  re- 
cently constructed  irrigation  canals  in  Piedmont  and  Lom- 
bardy,  varies  from  ^^^  (=  .000626)  to  ggVff  (=  .000278» ; 
but  that  inclinations  frequently  given  to  main  conductors 
in  the  mountainous  districts  of  the  Alps,  Tyrol,  Savoy, 
Dauphiue,  and  Pyrenees,  is  ^  (=  .002). 

380*  Ice  Covrrinjtfs. — ^The  maximum  winter  flow  hav- 
ing been  determined  upon,  the  sectional  area,  beneath  the 
thickest  formation  of  ice  at  the  low(>st  winter  stage  of  water, 
must  be  made  ample  to  deliver  this  maximum  quantity  of 
water,  and  the  influence  of  the  increase  of  friction  on  the  ice 
perimeter  over  that  on  the  equal  air  perimeter  must  be  duly 
considei-ed. 

381-  Table  of  Dimensions  of  Supply  Canals.— 
The  dimensions  and  inclinations  of  a  few  well-known  canals 


•  Radimpnts  of  Hydraulic  En^neering.  p.  1S7.     London.  1858. 
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are  given  as  illustrative  of  the  general  practice  in  various 
parte  of  the  world,  relating  especially  to  water  supply  and 
irrigatioji. 

TABLE     No.     70. 
Dimensions  of  Water  Supply  and  Irrigation  Canals. 


HcfurM  Cvuij  Spain 

Roqui^rour  Canml,  Krmnce. . . 
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In  the  numerous  shallow  iirigation  canals  of  Spain, 
Italy,  and  northern  India,  a  moan  velucity  as  gi'eat  as  tliree 
feet  per  second  is  necessary  to  prevent  a  luxuriant  groulh 
of  weeds  on  the  bottoms  and  side  slopes,  which  reduce  the 
effective  sectional  area  of  the  canal,  and  consequently  the 
volume  of  water  deiivennl. 

38*3.  OansU  Gates. — Fig.  71  is  a  half  elevation  of  the 
gates  in  the  Manchester,  N.  H.,  water-works  canal,  showing 
also  a  profile  of  the  canal  beyond  the  wing  walls  of  the 
gate  abutments. 

This  canal  leads  the  water  from  Lake  Massabesic  to  the 
turbines  and  pumps  at  the  pumping  station. 

The  water  surface  rises  and  falls  with  the  lake,  which 
has  a  maximum  range  of  fyve  feet,  so  that  the  turbines  are 
constantly  under  the  full  head  of  the  lake.  The  canal  Is 
aixt4*en  Imudred  feet  long,   and  lias  similar  gates  at  it« 
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entrance  and  at  the  head  of  the  turbine  penstock.  Tlie 
entrance  gates  are  provided  with  a  set  of  iron  racks  to  inter- 
cept floating  matters  that  might  approach  from  the  lake, 
and  the  penstock  gates  are  provided  with  a  set  of  fine  mesh 
copper-wire  fish-screens. 

There  are  four  gates  in  each  set,  each  3  feet  wide  and 
6  feet  high.    On  the  top  of  each  gate  is  secured  a  cast-iron 

Fio.  71. 
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tube  coiitaining  a  nut  at  its  top.  Over  each  tube  is  fastened, 
to  a  lint<*i,  a  composition  screw,  working  in  its  nut,  which 
raises  or  lowers  its  gate. 

Two  gates  in  each  set  hare  their  screws  provided  with 
gears  and  pinions.  The  pinions,  or  screws,  are  turned  by  a 
ratchet  wrench,  so  the  operator  may  turn  them  either  way, 
to  raise  or  lower  the  gate,  by  walking  around  the  screw,  or 
by  a  forward  and  backward  motion  of  the  arms. 

Tlie  floor  covering  the  gate-chamber  is  of  tar-concrete 
resting  upon  brick  arches. 
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When  large  sluices  are  necessary,  a  system  of  worm 
gearing  is  usually  applied  for  hoistiiig  and  lowering  the 
gates.  These  gears  may  be  operated  by  hand-power,  or 
may  be  driven  by  the  belts  or  gears  upon  a  counter-shaft, 
which  is  driven  by  a  turbine  or  an  engine. 

Canals  leading  from  ponds  snbjeci  to  floods  or  sudden 
rise  above  normal  level,  are  to  be  provided  with  waste-weirs 
near  their  head  gates,  and  with  waste-gates,  so  their  banks 
will  not  be  overtopped  or  their  waters  rise  above  the  pre- 
determined height. 

Stop-gates  are  placed  at  intervals  in  long  water-supply 
and  irrigation  canals,  with  waste-gates  immediately  above 
them  for  drawing  off  their  watei-s,  to  permit  repairs,  or  for 
tiushing,  if  the  waters  deposit  sediment. 

Culverts  are  sometimes  required  to  pass  the  drainage  of 
the  upper  adjoining  lands  beneath  the  canal,  and  the»e  may 
be  classed  among  the  treacherous  details  that  require  ex- 
ceeding care  in  tlieir  construction  to  guard  against  settle- 
ments, and  leakage  of  the  canal  about  them, 

383.  Miners'  CaiialM.— The  sharp  necessities  of  the 
^old-mining  regions  of  California  and  Nevada  have  led  to 
some  of  the  most  brilliant  hydraulic  achievements  of  the 
present  generation.  The  miners  intercept  the  torrents  of 
the  Sierras  where  occasion  demands,  and  contour  them  in 
open  canals,  along  the  I'ugged  slopes,  hang  them  in  flumes 
along  the  steep  rock  faces,  syphon  them  across  deep  can- 
yons, and  tunnel  them  through  great  ridges,  in  bold  defi- 
ance of  natural  obstacles,  though  constant  always  to  laws 
of  gravity  rnd  equilibrium. 

The  force  of  water  is  an  indispensable  auxiliary  in  sur- 
face mining,  and  capital  hesitat*\s  not  at  tliirty,  fifty,  or  a 
hundred  miles  distance,  or  almost  impassable  routes,  when 
the  torrent's  power  can  be  brought  into  requisition.     A 
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liuiidred  ditches^  as  the  miners  term  them,  now  skirt  tne 
mountains,  where  but  a  few  years  ago  there  was  uo  en- 
dence  tliat  the  civilization  or  energy  of  man  had  evex  been 
present. 

The  Big  Canyon  Ditch,  near  North  Bloomfield,  Nevada, 
for  instance,  is  forty  miles  long  and  delivers  54,00(),(X»fl 
gallons  of  water  per  day.  The  sectional  area  of  tlie  stR^ara 
is  about  33  square  feet,  and  tlie  inclination  16  feet  to  the 
mile.  Its  flumes  are  6  feet  wide  ^^ith  grade  of  one-half 
inch  in  twelve  feet,  or  about  18  feet  to  tlie  mile.  The  con-  M 
tour  line  of  the  canal  is  from  200  to  270  fei^t  above  Ibe 
diggings,  to  which  its  watei-s  are  led  down  in  wrought- 
iron  pipes. 

With  a  terrible  power,  fascinating  to  obsexve,  its  jets 
dash  into  the  high  banlts  of  gravel,  rapidly  under-cutting 
their  bases,  and  razing  them  in  huge  slides  that  flow  do\ni 
the  sluice-boxt^s  with  the  stream. 

Thus,  in  a  single  mine,  30,000  cubic  yards  of  gravel  melt 
away  in  a  single  day,  under  the  mighty  hydraulic  influence* 
tljat  has  hoon  gathered  in  the  torrent  and  canaled  along  the 
etenial  hills.  m 

The  Eureka  Ditch,  in  El  Dorado  County,  is  forty  mileefl 
long,  and  there  are  many  others  of  great  length,  whoee 
magnitude  and  mechanical  effect  entitle  them  to  considein- 
tion,   as  valuable  hydraulic  works,  and  monuments  otj 
hardy  enterprise. 

The  Eureka  embankment  is  seventy  feet  in  heights  floi 
two  hundred  and  ninetj"-sLK  acres,  and  is  located  six 
sand  five  hundred  and  sixty  feet  above  the  level  of  the 
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384.  The  Office  and  Difluenco  of  a  Waste-Weir. 

—An  ample  waate-weir  is  the  safety-valve  of  a  i-esen^oir 
embankmeut 

The  outside  slope  of  an  earth  emhankment  is  its  weakest 
part,  and  if  a  flood  overtops  the  embankment  and  reaches 
the  outer  slope,  it  will  be  cut  away  like  a  bank  of  snow 
before  a  jet  of  steam. 

The  overfall  should  be  maintained  always  open  and 
ready  for  use,  independent  of  all  waste  sluices  that  are 
cIowmI  by  valves  to  be  ojiened  mechanifaUy,  for  a  furious 
Hlorm  may  rage  at  midnight,  or  a  waterspoiit  burst  in  the 
valley  when  the  gate-keeper  is  asleep. 

Data  relating  to  the  maximum  flood  flow  is  to  be  dili- 
gently sought  for  in  the  valley,  and  the  freshet  marks 
long  the  watercourse  to  be  studied.  Tlie  overfall  is  to  be 
oportioned,  in  both  dimensions  and  strength,  for  the 
extraordinary  freshets,  which  double  the  volume  of  ordi- 
nary floods,  and  if  there  are  existing  or  there  is  a  jiroba- 
bility  of  other  reservoirs  being  built  in  the  valley  above,  it 
may  be  wise  to  anticipate  the  event  of  their  bursting,  espe- 
ciall}'  if  an  existing  reservoir  dam  is  of  doubtful  stability. 

A  short  overfall  may  increase  or  afleet  the  damage  by 
flood  flowage  to  an  important  extent,  and  makes  necessary 
the  building  of  the  embankment  to  a  considerable  height 
above  its  crest  level ;  while,  on  the  other  hand,  a  long  over- 
fall, if  exposed  to  the  direct  action  of  the  wind,  may  permit 
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too  great  a  volume  of  water  to  be  rolled  over  its  crest  in 
waves  just  at  the  commencement  of  a  drought,  when  it  is 
important  to  save,  to  the  uttermost  gallon.  Such  wave 
action,  under  strong  winds,  miglit  draw  down  a  small  reser- 
,voir  several  inches,  or  even  a  foot  below  its  crest,  unless 
such  contingency  is  anticipated  and  guarded  against. 
Strong  winds  blowing  down  a  lake  often  heap  up  its  waters 
materially  at  the  outlet,  and  increase  the  volume  of  waste 
flowing  over  its  weir  or  outfall. 

An  injudicious  use  oijlash-boards  upon  waste-weirs  lias 
in  many  instances  led  to  disastrous  results.  In  all  cases,  a 
maximum  flood  height  of  water  should  be  determined  upon, 
and  then  the  weir  dimensions  be  so  pror>ortioned  that  no 
contingency  possible  to  provide  for  shall  raise  the  water 
above  the  predetermined  height.  The  length  of  the  overfall 
and  volume  of  maximum  flood-flow  govern  the  distance 
the  highest  crest-level  must  be  placed  below  the  maximum 
flood-level.  Flash-boards  may  in  certain  cases,  and  in  cer- 
tain seasons,  be  serviceable  in  governing  the  level  of  water 
beloto  or  just  at  the  crest  line,  especially  when  there  are  low 
lands,  or  lands  awasTi^  as  they  are  termed,  bordering  upon 
the  reservoir,  with  their  surfaces  not  exceeding  three  feet 
above  the  crest  line. 

Several  English  writers  mention  that  a  general  rule  for 
length  of  waste-weir,  accepted  in  English  practice,  is  to 
make  the  waste- weir  three  feet  long  for  ^vf^vy  100  acres  of 
watershed.  This  rule  will  apply  for  watersheds  not  exceed- 
ing tliree  square  miles  area,  but  for  larger  areas  gives  an 
inconvenient  length. 

385.  Discharges  over  Waste-Weirs. — Having  de- 
tennined,  or  assumed  from  the  best  data  available,  ih^ 
iiiMximum  flood-flow  which  the  overfall  may  have  to  dis- 
charge, if  a  very  heavy  stonn  takes  place  when  the  reservoir 
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ia  foil,  tlje  overfall  is  then  to  be  proportioned  upon  the 
basis  of  Uiis  flow. 

For  the  oilcolation  of  discharge,  the  orerfall  may  be 
ooDsideied  to  be  a  species  of  meadiuing-weir  (^  303),  and 
subject  to  certain  weir  formulas. 

If  there  are  flash-boards,  with  aqoare  edges,  forming  the 
crest,  then,  for  depths  of  from  nine  inches  to  three  feet,  Mr. 
Francis'  formula  may  be  ajjplied  with  approximate  results, 
and  we  have  the  discharge : 

Q  =  3.33  {I  -  O.ln/7)  J71,  (1) 

m  which  Q  is  the  rolume  of  discharge,  in  cubic  feet  per 
second ;  ^,  the  depth  of  water  upon  the  crest,  measured  to 
the  lake  surface  level ;  /,  the  clear  length  of  overftiU ;  and 
n  the  number  of  end  contractions.     ("N'ide  §  313,  p.  289.; 

We  have  seen  (§  309)  that  the  velocities  of  the  jmrti- 

flowing  over  the  crest  are  proportionate  to  the  ordinate© 
of  a  parabola,  and  that  tlie  mean  velocity  is  equal  to  two- 
thirds  the  velocity  of  the  lowest  jiarticles ;  hence  we  have 
the  mean  velocity,  p,  of  flow  over  the  crest, 

V  =  lV2ffN=  5.35y/W.  W 

Multiplying  the  depth  of  water  /7  upon  the  weir,  into 
the  length  7  of  the  weir,  and  int-o  the  mean  velocity  r,  we 
have  the  volume  of  discharge,  wben  there  are  no  interme- 
diate flash-board  posts : 

m  which  to  is  a  coefficient  of  contraction  (§  313).  with 
mean  value  about  .622  for  sharp-edged  thin  creeta. 
By  transposition,  we  have : 

If  tbe  overfall  has  a  wide  crest  similar  to  that  usually 
pven  to  masonry  dams,  Fig.  47,  then  we  may  apply  more 
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accurately  the  formula  suggested  by  Mr,  Francis  for  such 

cases,  viz,: 

Q  =  3.012Z^  »  (6) 

If  we  desire  to  know  the  depth  of  discharge  for  a  given 
volume  and  weir  length,  then,  by  a  transposition  of  this 
last  formula,  we  have : 

A  few  approximate  values  of  Q,  for  given  values  of  Hj 
are  given  in  the  following  table,  to  facilitate  preliminary 
calculations. 


TABLE     No.    80. 
Waste-Weir  Volumes  per  Lineal  Foot  for  Given  Depths. 


J/. 

e  =  3.oi2/ff"»»«. 

C  =  5.35«/^». 
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Incm./i.^rtfc* 

•50 
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2.50 
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3.00 
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26.53 

4.50 

31.66 

5.00 

37-09 

5-50 

46.91 

6.00 

48.75 

6.50 

54-97 

7.00 

61.43 

7-50 

68.13 

8.00 

75.06 

*  In  thift  column  m  increases  from  .563  for  1  foot  depth  to  .63  for  4  feet 
depth,  but  the  values  of  m  for  depths  exceeding  8  feet  hare  not  been  de- 
termined by  experiment,  and  their  results  are  subject  to  some  unccrtaintj-. 
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H          386.  Required  Lengrth  of  Wanie- Weirs.— Tlie  fol- 

■^lowing  table,  prepared  to  facilitate  preliminary  calcnlations, 

^^H|lve3  estiraated  flood  volumes  of  waste  from  S9/iaU  impound- 

^r^ing  reaervoirs*  in  ordinary  Atlantic  slope  bafiins,  for  water- 

H      sheds  of  given  areas ;  also  the  length  of  waste- weir  i-equired, 

^m      and  appro  <xi  mate  depth  of  water  on  the  crest  of  the  given 

^M      length :                                                                                      ^^M 

^l                                                 TABLE                                                                        ^^M 

^^^^^B        Lengths  and  Discharges  of  Waste-Weirs.                     ^^H 
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27-85 

2925         ^H 

^^H 

116 

4.28 

29-35 

3404            ^H 

^^H 

^SS 

4.58 

3253 

^H 

^^m 

149 

4.81 

34. 95 

^H 

^^B 

183 

5-25 

39  92 

7304         ^H 

^^^^        xoo 

2t2 

S-59 

43.78 

9283          ^H 

^V                    300 

295 

6-59 

56.08 

16542          ^H 

■                    300 

360 

7-23 

64.42 

23190          ^^1 

^m^     400 

400 

7.91 

73  70 

29480          ^H 

^^^K        5<>C) 

440 

8.40 

So.  68 

35500            ^^H 

^^^B        600 

480 

8-77 

86. oS              41320              ^^H 

^^         800 

530 

9-^3 

99-09     1     52520          ^H 

^M           tooo 

580 

10.37 

109.07              63260              ^^^1 

H           The  maximum  flood,   and  consequently  the  required          ■ 

^M      length  of  overfall,  or  depth  upon  it,  varies  with  the  maxi-           1 

H      mum  x)eriodic  rainfall ;  the  inclination  and  porosity  of           1 
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Boils;   the  sum  of  pondage  surfaces;  and  to  some  exteni 
witli  temperatures. 

The  above  estimated  flood  volumes  refer  to  ordinary 
American  Atlantic  slopes,  and  forty  to  fifty  inch  mean  an- 
nual rainfalls,  and  to  streams  with  comparatively  small 
]K)ndage  areas. 

The  above  tabled  lengths  of  overfalls  or  range  of  depths 
upon  crests  of  waste-weirs,  are  to  be  increased  for  Jiashy 
streams,  and  may  be  reduced  for  steady  streams  with  large 
or  many  small  ponds. 

The  increase  of  pressure  upon  all  portions  of  the  em- 
bankment and  foundation,  and  upon  the  waste-weir,  by  the 
flood  rise,  must  be  fully  anticipated  in  the  original  design 
of  the  structure. 

387.  Fonns  of  Waste- Weirs.— Fig.  72  illustrates  a 
waste-weir  placed  in  the  centre  of  length  of  an  earthwork 
embankment,  retaining  a  storage  lake  of  twenty-four  hun- 
dred acres,  and  the  drainage  of  forty  square  miles  of  water- 
shed. 
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The  down-stream  face  of  the  weir  is  constructed  in  a 
series  of  steps  of  decreasing  height  and  increasing  projir- 
tion,  from  the  crest  downward,  so  that  the  edges  of  the  steps 
nearly  touch  an  inverted  parabolic  curve. 
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The  apron  receiving  the  fall  of  waste  water  from  the 
crest  of  the  weir  is  of  rubble  masonry,  and  coutaius  two 
upright  courses  intended  to  check  any  scour  from  tlie 
"undertoe"  during  freshets,  and  also  to  lock  the  founda- 
tion courses  that  receive  tlie  heaviest  shocks  of  the  falling 
water. 

The  projection  of  the  steps  was  arranged  to  break  up 
the  force  of  the  falling  water  as  much  as  possible. 

The  fall  from  crest  to  a])ron  is  twenty-five  feet,  and  the 
flood  depth  upon  the  weir  twenty  inches ;  yet  the  force  of 
the  falling  water  is  so  tliorouglily  destroyed  that  it  has  not 
been  sufficient  to  remove,  in  tliree  years  service,  the  coarser 
stones  of  some  gravel  carted  upon  the  ajjron  during  con- 
struction of  the  upper  courses  of  the  weir. 

There  is  a  3  by  fi  feet  wast-e-sluice  through  the  weir  at 
one  end,  discharging  upon  the  apron.  In  front  of  the  sluice 
the  apron  consists  of  two  eighteen-inch  courses  of  joiut4'd 
granite  upon  a  rubble  foundation,  doweled  and  clamped 
together  in  a  thorough  manner. 

A  carriage-bridge  spans  the  weir,  and  rests  upon  the 
wing  walls  and  three  intermediate  pi(;rs  built  ujion  the  weir. 

388.  Isolated  Weirs. — Where  the  toix)graphy  of  the 
valley  admits  of  the  waste-weir  bt^ing  separattni  from  the 
embankment,  it  should  be  so  placed  at  a  distance,  and  it 
is  often  conveniently  made  to  discharge  into  a  side  valley 
wliere  the  flowage  nearly,  or  quite,  reaches  a  depression  in 
the  dividing  ridge. 

But  it  is  not  always  admissible  to  so  divert  the  water,  as 
rii)arian  right^i  may  be  affected,  or  flood  damages  be  created 
on  the  side  stream. 

When  possible,  it  is  advisable  to  locate  the  waste-weir 
upon  a  ledge  at  one  end  of  the  embankment,  so  that  the 
fall  from  the  crest  will  not  exceed  three  or  four  feet. 
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There  should  be  a  fall  of  at  least  three  feet  from  the  crest, 
as  in  such  case  a  less  length  of  weir  will  be  required  than  if 
it  slo|x»8  gently  away  as  a  channel. 


Fio.  73 
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385>.  Tiinlwr  Weirs. — In  those  localities  where  sound 
and  durable  building-stones  are  scarce,  and  timber  is  plenty 
and  cheap,  the  waste- weir  may  be  substantially  constructed 
of  timber  in  crib  form.  Fig.  73  represents  such  a  weir 
placed  upon  a  gravel  foundation.  The  fall  is  twenty  feet, 
and  Iho  face  of  the  weir  is  divided  into  three  benches  so  as 
to  neutralize  the  force  of  the  fall  that  in  freshets,  if  vertical, 
would  tend  to  excavate  a  hole  in  the  gravel  in  front  of  the 
dam  at  least  two-thirds  as  deep  below  the  lower  water  sur- 
face as  the  helglit  of  the  fall. 

The  timbers  are  faced  upon  two  sides  to  twelve  inches 
thickness  and  entirely  divested  of  bark.    The  bed-sills  are 
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sunk  in  trenches  in  the  firm  earth,  and  two  rows  of  jointed 
sheet-piling  are  sunk,  as  shown,  to  a  depth  that  wUl  prevent 
the  possibility  of  water  working  under  tliem.  Upon  the 
bed-sills  longitudinal  timbers  are  laid  five  feet  apart,  then 
cross  timbera  as  shown,  and  so  alternately  to  the  top.  As 
each  tier  is  put  upon  another  it  is  thoroughly  fastened  to 
tlie  lower  tier  by  trenails  or  |-inch  round  iron  bolts.  The 
bolts  should  pass  entirely  through  two  timbers  depth  and 
one-half  the  depth  of  the  next  tier,  requiring  for  twelve-inch 
timbers  30-inch  bolts. 

As  each  tier  is  laid  it  should  be  filled  with  stone  ballast 
and  sufficient  coarse  and  fine  gravel  puddled  in  to  make  the 
work  solid,  leaving  no  interstices  by  the  side  of  or  under 
timbers.  The  gravel  should  be  rammed  under  the  timbers 
so  as  to  give  them  all  a  solid  bearing. 

A  tier  of  plank  is  pkiced  under  each  bench  capping,  and 
a  tier  of  close-laid  timbers  is  placed  under  the  crest  capping. 
Tlie  bench  and  crest  cappings  are  of  timbers  jointed  upon 
their  sides  and  laid  close.  The  npper  and  lower  faces  are 
planked  tight  with  jointed  plank. 

A  weir  thus  solidly  and  t'ujliUy  constructed  will  prove 
nearly  as  durable  as  the  best  masonry  structures.  The 
capping  and  face  plankings  will  be  the  only  pai-ts  n^quiring 
renewal,  and  these  only  at  intervals  of  a  number  of  years 
if  they  are  at  first  of  proper  tliickness. 

Similar  forms  of  crib-work  have  been  used  with  com- 
plete success  on  rock  bottoms,  on  impetuous  mountain 
streams,  where  they  were  subject  to  the  shocks  of  ice  at  the 
bi-eaking  up  of  winter,  and  to  great  runs  of  logs  in  the 
spring.    In  such  cases  the  bed-sills  are  bolted  to  the  rocks 

Similar  crib  foundations  may  be  used  to  carry  masonry 
weira  upon  gravel  bottoms,  but  the  crib-work  should  in 
such  case  be  placed  so  low  as  to  be  always  submerged. 
25 
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Fig.  73  was  designed  for  a  case  whore  the  watershed  is 
of  about  one  hundred  square  miles  area.  Its  crest-length  is 
two  hundred  feet,  and  six  feet  is  the  estimated  maximum 
Hood-depth  upon  its  crest. 

390.  Ice-thrust  upon  Storage  Reservoir  Weirs.— 
Thosi^  weirs  tliat  are  located  in  Northern  climates  upon 
storage  ponds,  such  as  are  drawn  down  in  summer  and  do 
not  rise  to  the  crest-level  until  past  mid-^vinter,  should  be 
backed  with  gravel  to  the  level  of  the  backs  of  their  caps, 
and  the  gravel  should  be  substantially  i)aved,  as  in  Fig.  72. 
Otherwise  the  expansion  of  the  thtck  ice  against  the  vei-ti- 
cal  backs  of  the  weirs  may  act  with  such  powerful  thrust  as 
to  displace  or  seriously  injure  its  upper  portion. 

aOL  Breadth  of  Weir-Caps.— The  capstones  of  weirs 
in  running  streams  should  incline  downwaixl  toward  the 
pond  side  at  least  two  inches  for  each  foot  of  breadth,  so 
that  the  floating  ice  aiid  logs  will  not  strike  against  their 
back  ends  when  the  water  is  flowing  rapidly. 

Tliere  is  a  lack  of  unifoi-mity,  in  practice,  in  breadths  of 
tops  of  waste-weirs,  and  the  unsatisfactory  working  of  the 
quarry  from  wliicli  tlie  aips  are  supplied  often  controls 
this  dimension  so  far  as  to  reduce  it  to  an  unsubstantial 
measure. 

The  breadth  of  cap  required  depends  somewhat  on  the 
pond  behind  the  weir.  If  the  pond  is  relatively  broad  ;md 
deep,  water  and  whatever  floating  debris  it  carries,  will 
approach  the  weir  with  a  relatively  low  velocity.  If  the 
pond  is  small  and  the  stream  torrential,  with  liability  of 
great  depth  upon  the  weir,  then  the  OAp-stones  must  have 
length  and  weight  to  resist  the  force  of  the  current  and  im- 
pact of  the  floating  bodies.  Overfalls  upon  logging  streams 
rising  in  the  lumber  regions,  require  particularly  heavy 
caps,  and  the  force  of  the  logs  or  ice  upon  the  caps  will 
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usually  be  great*?r  wlion  the  -depth  upon  the  weir  is  from 
one  and  one-half  to  two  feet,  than  wlien  deeper. 

302.   Thk'kiiesH  of  Wast^-AVrirs  and  Dams.— If 

the  back,  or  pond  side  of  the  dam,  is  vertical,  and  the  thick- 
ness at  cap  constant,  then  the  thicknesses  at  given  depths 
may  be  found,  for  plotting  a  trial  section,  by  the  following 
equation : 

Let  b  be  the  assumed  top  breadth,  and  t  the  thickness 
at  any  given  depth,  d,  then 

^  =  6  -h  .1^1.  (7) 

For  illustration,  let  the  assumed  cap  breadth,  or  length 
of  cayj  stones,  for  a  long  straight  dam,  be  eight  feet,  then 
for  the  following  given  depths,  the  ordinates  or  thicknesses 
are  as  follows ; 


TA  B  L  E    No.    82. 
Thickness  for  Masonry  Weirs  and  Dams. 


or  CMT. 

Thickhbss. 

Ft4i. 

<*.» 

(.i^i.) 

Fut. 

0 

8 

+ 

0.0 

^^ 

8.00 

^ 

8 

+ 

.8 

^ 

«.8o 

■          6 

8 

+ 

1.47 

= 

9-47 

8 

8 

+ 

2.26 

^ 

10.26 

lO 

8 

+ 

3.16 

= 

11.16 

12 

8 

+ 

4.16 

^ 

12.16 

»5 

8 

+ 

5-8i 

= 

13.81 

20 

8 

-1- 

8.94 

= 

16.94 

25 

8 

-h 

12.50 

^^ 

20.50 

30 

8 

+ 

16.43 

^ 

24.43 

35 

8 

+ 

20.71 

.= 

28.71 

40 

8 

H- 

25-30 

z=z. 

33  30 

45 

8 

+ 

30.19 

■=. 

38  19 

50 

8 

-j- 

35-36 

= 

43-3'' 

If  the  face  curve  is  resolved  into  steps,  as  is  advisable 
over  gravel  bottoms  or  tertiary  rock,  then  the  masonry  of 
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be  reij  heavy  and  sabebuitia],  in  the  high 
to  vfthrtand  for  a  long  term  of  jean  the  shock  of  the 
fdliag  water. 

393.  Force  of  the  OTerflowin^  Water.— It  i«  of 
the  utmost  importance  that  the  water  paeedng  o^er  the  lip 
of  a  high  dam  ehali  reach  the  bed  of  the  stream  beJow  the 
dam  with  the  least  possible  shock  to  the  foundation,  even 
though  it  is  of  a  tolerably  hard  rock,  and  especially  if  the 
apron  be  of  concrete  or  crib-work. 

The  "life"  of  numerous  upright-face  dams  has  been 
materially  shortened  by  the  tremor  due  to  the  tiood  falls 
vpon  their  foundations. 

Li  the  case  of  an  overfall  twenty-five  feet  high,  with  six 
feet  depth  of  water  above  the  crest,  for  instance,  there  is  a 
force  of  nearly  80,000  pounds  per  second  pounding  upon 
each  lineal  foot  of  its  apron,  tending  to  shake  the  structure 
into  granular  disintegration,  and  making  the  ear^  tremble 
under  the  shock. 

394.  Heights  of  Waves.  —  Stevenson  gives,  in  his 
treatise  on  Harbors,  the  following  formula  for  computing 
the  height  of  waves  coming  from  a  given  exposure,  or 
'*  fetch"  of  clear  deep  water : 

ff=l.5V^-h  (2.5  -  ^^,  (Jg) 

in  which  ff  is  the  height  of  waves  in  feet,  and  D  is  the  length 
of  exposure  or  fetch  in  miles. 

The  numerical  values  of  height  of  wave,  aooording  to 
this  formula,  for  given  exposures,  are  as  follows : 

TA  B  L  E     No.    83. 
Heights  of  Reservoir  and  Lake  Waves. 


Exposure,  In  miles. . .. 
Height  of  wave,  in  feet. 


•as      .50     -75 

a-543'3. 756  2.868 


i-S      3         3 
3031  3-3323.782 
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When  waves  meet  a  paved  slope  their  vertical  longi- 
tudinal section  is  suddenly  reduced  and  their  velocity  en- 
hanced in  inverse  proportion.  They  will  therefore  rise  up 
the  slope  to  a  vertical  height  much  greater  than  the  height 
of  the  approaching  wave,  which  height  will  depend  on  both 
the  initial  velocity  of  the  wave  and  the  suddenness  with 
which  its  sectional  area  is  reduced. 
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CHAPTER  XrX. 

PARTITIONS.   AND    RETAINING    WALLS. 

395.  DcHigii.— The  hydraulic  engineer  finds  necessary 
exercise  for  his  skill  on  every  hand  to  adapt  a  variety  of 
constructions  in  masonry  to  their  several  ends,  in  methods 
at  once  substantial  and  economical. 

Dt'signs  are  required  for  reservoir  partitions  and  gate 
chambers  tliat  are  to  sustain  .pressures  of  water  upon  both 
sides,  and  either  side  alone;  revetments  for  reservoirs, 
canals,  and  lake  and  river  fronts  that  are  to  sustain  pres- 
sures of  wat4.T  and  earth  upon  opjiosite  sides,  and  earth 
alone  upon  one  side;  coal-shed  walls  that  are  to  sustain 
the  pressure  of  coal,  whose  harizoutal  thrust  nearly  equals 
that  of  a  liquid  of  equal  specific  gravity  ;  conduit  and  filter 
gallery  walls,  tliat  are  to  sustain  pressures  of  earth  and 
water  and  thrusts  of  loaded  arches ;  basement  walls  and 
bridge  abutments  that  arc  to  sustain  thrusts  of  earth  and 
carry  weight ;  wing  walla  of  triangular  elevations  and  vary- 
ing heights,  that  are  to  sustain  varying  thrusts ;  and  waste- 
weirs,  that  are  to  sustain  pressures  of  water  higher  tlian 
their  summits  and  moving  with  velocity. 

Rule  of  thumb  practice  in  such  structures  has  led  to 
many  failures,  when  the  amounts  and  directions  of  thnists 
were  not  understood ;  and  such  failures  have,  on  the  other 
hand,  led  to  the  piling  up  of  superfiuous  quantities  of 
masonry^  often  in  those  parts  of  section  where  it  did  not 
incrt^ase  the  stability  of  position,  but  did  endanger  the 
stability  of  the  foundations. 
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Good  design  only,  unites  economy  with  etability  in 
masonry  subjected  to  lateiul  thrusts. 

;I96.  Tlieorj'  of  Wat-er  FresHure  upon  a  Vertical 
Snriace. — The  theory  of  pressure  of  water  upon  a  plane 
surface,  and  of  the  stability  of  a  vertical  rectangular  retain- 
ing wall,  is  quite  simple,  and  is  easily  exemplified  by 
graphic  illustration,  and  by  simple  algebraic  equations. 

Let  J5Z>,  Fig.  74,  be  a  vertical  plane,  receiving  the 
pressure  of  water. 

Tlie  pressure,  p^  at  any  depth  is  proportional  to  that 
depth  into  the  density  of  the  fluid. 

Let  Wy  be  the  weight  of  one  cubic  foot  of  water  = 
62.5  lbs, ;  then  tlie  pressure  upon  any  square  foot  of  the 
vertical  plane,  whose  depth  of  centre  of  gravity  is  represent- 
ed by  d^  isj3  =  rfwi. 

Let  the  depth  of  the  water  B^D  be  12  feet  =  A.  Plot  in 
horizontal  lines  from  B^D^  at  several  given  depths,  tlie 
magnitudes  of  tlie  prc^sanres  at  those  deptlts  =  dw^  as  at  ss^ ; 
then  the  extremities  of  tliose  lines  will  lie  in  a  straight  line 
passing  through  B^  and  cutting  the  liorizonlal  line  CDf^  in 
/,  Df  being  equal  to  the  magnitude  of  the  pressure  at  i>. 

The  total  pressure  upon  the  plane  B-iD,  and  its  horizon- 
tal effects  at  all  dei>ths  are  graphically  represented  by  the 
area  and  ordinates  of  the  figure  BJD. 

In  theoretical  statics,  the  effect  of  a  pressure  upon  a 
solid  body  is  treated  as  a  force  acting  through  the  centre  of 
gravity  of  the  body. 

Consider  the  pressure  of  BfD  to  be  gathered  into  its 
res^iiUant^  passing  througli  its  centre  of  gravity,*  y.    Tlie 


•  To  find  the  centre  of  gravity  of  a  triangle  BfD,  draw  a  broken  line  from 
D,  bisecting  the  opposite  8ide  In  j», ,  and  iiovaf,  bisecting  the  opposite  side  in 
•  •  tJie  centre  of  gT«vitT  will  then  lie  in  the  iutenicction  of  thoeo  lines.  Or. 
draw  a  Une  from  any  angle  B^,  bisecting  the  oppoaite  side,  and  the  centre  of 
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horizontal  resultant  through  g  will  meet  BtD  in  iT,  at  two- 
thirds  the  depth  BtD. 

Let  DOB  be  a  section  of  wall  one  foot  long.    Let  B^D 

fcravity  will  lie  in  this  line,  at  one*tliird  the  height  from  the  ride  bisected. 
The  centre  of  gravity  is  at  two-thirds  the  vertical  depth  B^J)  =  |A  txxxai  B^. 
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=  ^  =  12  ft.    The  centre  of  gravity  of  the  submerged  wall 

sortiace  B^D  is  at  one-half  its  height,  =  ^-    The  total 

pressure  of  wattT  p  upon  the  wall-surface  B^D  equals  the 
product  of  the  surface  areay  B^D  =  J„  into  the  weight  of 
one  cubic  foot  of  water,  w^^  into  one-half  the  height,  = 


=  (12  X  1)  X  62.6  X 


(1) 


12 
2 


=  4500  pounds  =  2.25  tons. 

Draw  this  total  pressure  to  scale,  in  the  resultant  gli^ 
meeting  BsB  in  iV. 

The  effect  of  a  pressure,  when  applied  to  a  solid  body, 
is  the  same  at  whatever  i>oint  in  the  line  of  ite  direction  it 
is  applied ;  so  we  may  consider  r/N  as  acting  upon  tlie  wall 
either  at  TV  or  at  x,  in  the  vertical  through  the  centre  of 
gravity-  of  the  wail. 

The  force  tending  to  push  the  wall  along  horizontally 

397.  Water  Pressure  upon  an  Inclined  Surface. 

— The  maximum  resultant  of  pressure  of  water  upon  the 
inclined  plane  JC  has  a  direction  perpendicular  to  the 
plane,  and  meets  the  plane  in  Pi,  at  two-thirds  the  vertical 
depth  (»f  the  water. 

The  entire  weiglit  of  the  triangular  body  of  water  CiJ  is 
supported  by  the  masonry  surface  Ji '.  Its  vertical  pressure 
n'sultant  upon  /C  passes  through  Ms  centre  of  gravity  in  (/., 
and  mt^ets  JO  in  P„  at  two-thirds  the  vertical  de])th  iC  or 
JO.    Its  horizontal  pressure  resultant  also  meets  JO  in  P,, 

Let  Xi  be  the  symbol  of  its  horizf»iital  resultant. 
ii  ^       i.  u         4*     vertical  '^ 

•*  y      "  **         *'     maximum       " 
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The  horizontal  effect  of  the  pcesBOiey  ^  maj  be  com- 
puted as  acting  upon  the  plane  of  its  veftkal  pio}ection  or 
trace,  iCj  and  will  equal, 


h       V 
=  2-26  tons,  whCT  ii  =  12  ft 


(^ 


Draw  Xx  ^  2^  tons  to  scale  in  XyP^ .  Let  feU  a  perpen- 
dicular upon  JC\  meeting  it  in  Px\  then  will  the  angle 
yP^  equal  the  angle  JCi  =  *,  and  yP  will  equal  * 

y  =  :r,-8ec«=  |«p,  ^^  >.  sec  angle  x,Pi^        (3) 
=  2.714  tons ; 
and  ePx  will  equal 

e  =  a?i-  tan  ^  =  ]  *Pi  -5-  f  ■  ^=mi  angle  ZyP^y       (4) 
=  1^18  tons. 

The  horizontal  force  tends  to  displace  the  wall  horizon- 
tally. Tlie  vertical  downward  force  tends  to  hold  the  wall 
in  place,  hj  friction  due  to  its  equivalent  weight. 

If  water  penetrates  under  the  base  of  the  wall,  it  will 
there  exert  an  upward  pressure  upon  the  base,  opposed  to 
the  downward  pressure  upon  JCy  and  to  the  weight  of  the 
wall,  with  maximuTn  theoretical  effect  equal  to  area  CD 
into  d<?pth  of  its  centre  of  gravity  into  the  weight  of  one 
cubical  foot  of  watCT. 

Let  ^ibe  the  symbol  of  the  maximum  upward  pressure, 
and  let  Ci  be  the  ratio  of  the  effective  upward  pressure  in 
any  case  to  the  maximum. 

Draw  CxZi  in  the  vertical  line  through  the  centre  of  gravity 
of  the  masonry,  in  Ozi. 

When  computing  the  resultant  weight  of  the  masonty, 

I -    -     ■■  —      .  M 

•  Vide  trigonometrical  diagram  and  table  in  the  Appendix. 
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opposed  to  the  horizontal  water  pressure,  deduct  from  the 
weight  of  wall  the  excess  of  upward,  CiZ,  over  downward 

(pressure,  e,  =  Ci^,—  e, 
398.  Frictioual  StabUity  of  31asoury.— Tlie  weight, 
W^  in  i>oundi?,  of  the  wall  (of  one  foot  length)  equals  its 
sectional  area  DOB  =  A^  in  square  feet,  into  the  weight  of 
one  cubical  foot  w  of  its  material :     W  =  Aw,  (5) 

The  downward  remllant  of  weigM  is 


Wr  =  {Aw)  -f-  e  -  (cz,). 


(«) 


The  upward  pressure  of  the  water  upon  the  base  will  rare- 
ly exceed  .50  per  cent  of  the  theoretical  maximum,  even 
though  the  wall  is  founded  upon  a  coarse  porous  gravel,  or 
upon  rip-rap,  without  a  like  upward  relief  of  backlilling. 

The  frictional  stability^  8,  of  the  wall,  equals  its  result- 
ant weight  into  its  coefficient,  c,  of  friction, 

8=  {TTh- «-((?,-?,) jx  c.  (7) 

Pouudations  of  masonry  upon  earth  are  usually  placed 
in  a  trench,  by  which  means  the  fiictional  stability  upon 
the  foundation  is  aided  by  the  resistance  of  the  earth  side 
of  the  trench,  and  the  coefficient  thus  made  at  least  equal  to 
unity.  In  such  case  the  measure  of  resistance  to  horizontal 
displacement  is  the  friction  of  some  horizontal  or  inclined 
joint. 

The  value  of  the  adhesion  of  the  mortar  in  bed-jomts  is 
usually  neghicted  in  computations  of  horizontal  stability, 
and  sufficient  frictional  stability  should  in  all  cases  be  given 
by  weight,  so  that  the  resistance  of  the  mortar  may  be 
neglected  in  the  theoretical  investigation. 

If,  however,  the  mortar  is  worthless,  or  its  adhesion  is 

*  Sabroerged  unmortared  xnoAonry  and  porous  back-filUag  are  reduced  In 
cAetlTe  weight  an  amount  equal  to  the  weight  of  the  water  actually  displaced. 
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deitroyed  tj  &o«t  or  careleas  wotkmaiahqky  or  oCberwise^ 
Aeo  tbe  mortar  becomes  equivalent  to  a  lay^  of  aaiid  as  a 
lubheaot,  and  tbe  ooeffcieDt  of  frictioD  maj  tLos  be  reduced 
ref7b>ir. 

IKWf.  Coeffieientji  of  Masonry  Frietion.— The  fol- 
lowing table  of  coeffideDts  of  maaoiuy  frictions  will  be  found 
mwftil-*  They  are  selected  from  several  aatboritiees  and 
have  been  generally  accepted  as  mean  values. 

TABLE     No.    84, 
COKF/ICIEIVTS  OF   MaSOKRV   FlUCTIOlfS  (DRY). 


Poiai  dreased  granite 


(medium)  on  dry  clay .  >, 
"  *'   rnoist  clay. 


Fine  cut  granite  •* 

Very  fine  cul  gninltc 

II  II  u 

Dressed  hiini  limeatone  (medium) 

Hctnn  blocks  (pressed) 

Polished  marble 

Common  bricki 


gravel, 

like  granite 

common  brickwork, 
smooth  concrete  . . . 
like  granite 


pressed  Bcton  Coignet. 

like  limcstoae 

brickwork 

like  Rcton  blocks 

common  bricks 

6nc  cut  granite 

common  bricks 

dressed  hard  limestone. 


Onr. 


.51 
-33 

.58 
.70 
.63 
.62 
•58 
.61 
.61 
.38 
.60 
.66 

•44 
.bi 
.64 
.60 


When  jS  and  Xi  are  equal  to  each  other,  the  wall  is  just 
upon  the  point  of  Tnotion,  and  S  must  be  increased ;  that 
18,  more  weight  mxist  be  given  to  the  wall  to  ensure  friotional 
Htability. 

Let  tlie  water  be  withdrawn  from  the  side  BD,  Fig.  74, 
and  let  the  upward  pressure  attain  to  ono-half  the  maxi- 
nuim,  and  the  coefficient  be  that  of  a  horizontal  bed-joint 
upon  a  concrete  foundation,  assumed  to  be  .62,  then  <S  = 


•  r«d0§868,  pp.844,  345. 
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(w  -h  e  —  ,50z,)  X  c  =  2.79  tons,  and  t,  —  2.25  tons,  and  the 
wall  lias  a  a  small  margin  of  frictional  stability. 

The  weight  of  the  wall  should  be  increased  untQ  it  is 
able  to  resist  a  horizontal  thrust  of  at  least  LScr,,  or  until 
8=  1.5d:i,  when  the  equation  oi frictional  stability  becomes 


iS=  (M  +  e  —  CxZx)  X  c  =  l.toi, 


(8) 


in  which 


to  is  the  weight  of  masonry  above  any  given  plane. 


Zt 


u 


vertical  downward  water  pressure  resultant, 
maximum  upward  water  pressure  resultant, 
ratio  of  effective  upward  water  pressure  to  the 

maximum, 
coefficient  of  friction  of  the  given  section  upon 

its  bed. 
horizontal  water  pressure  resultant, 
symbol  of  frictioual  stability. 


400.  PresHiiro  Leverage  of  Water. — Since  the  hori- 
zontal resultant  of  the  water-pressure  has  its  point  of  appli- 
cation above  the  level  of  Z),  in  iV^,  its  mmn^ni  of  jrressvre 
leverage^  L,  has  a  magnitude  equal  to  DIf,  or  Kx  =  JA, 
into  the  horizontal  resultant. 


L  =  AiWi 


(9) 


401.  Leverage  Stability  of  ^lasoiirj.— The  moment 
of  pressure-leverage  of  the  water  tends  to  overturn  the  wall 
about  its  toe,  D  or  C,  Fig.  74,  opposite  to  the  side  receiving 
the  pressure  alone,  or  the  maximum  prffisui*e. 

Let  the  weight  of  DCB^  per  cubical  foot,  be  assumed 
140  pounds,  an  approximate  weiglit  for  a  mortared  rubble 
wall  of  gneiss,  or  mica-slate ;  then  the  total  weight  above 
the  bcnl-joint  CDy  is  140^  =  6.25  tons,  which  we  may  con- 
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sider  as  acting  .vertically  downward  througli  6,  the  centre 
of  gravity  of  i)CJ?. 

Plot  to  scale  tbis  vertical  resultiint  of  weight  in  xf..  = 
5.25  tons  (neglecting  for  the  present  the  ui)ward  and  domi- 
wai-d  pressures  of  the  water),  and  the  horizontal  resultant 
of  water  pressure  in  xN^  =  2.25  tons,  and  complete  the 
parallelogram  xNzMe^j  then  the  diagonal  xM,  is  in  mag- 
nitude and  direction  the  final  resultant  of  the  two  forces. 
The  resultant  arising  from  the  horizontal  pressure  on 
JC^  and  weight  of  the  masonry,  is  in  magnitude  and  direc- 
tion xO. 

If  tlip  directions  of  arJ/and  xO  cut  the  base  D(\  then  the 
wall  has,  theoretically,  leverage  stability,  but  if  the  direc- 
tions of  these  diagonals  are  outside  of  DCy  then  the  wall 
lacks  leverage  stability  and  will  be  overturned. 

For  safety,  the  direction  of  xM  should  cut  the  baee  at  a 
distance  from  K  not  exceeding  one-half  KC^  and  the  direc- 
tion of  xO  cut  tlie  base  at  a  distance  from  K  not  exceeding 
one-half  KD, 

402.  Moment  of  Weight  Leverago  of  Masonry. — 
Since  the  vertical  resultant  of  weight  of  masonry  takes  its 
direction  through  G,  and  cuts  DC  at  a  distance  from  C, 
the  point  or  fulcrum  over  or  around  which  the  weight  must 
revolve,  the  moment  of  weight  leverage  of  the  wall  has  a 
magnitude,  when  resisting  revolution  to  the  right,  equal  to 
the  distance  KD  into  the  vertical  weight  resultant ;  and 
wlien  resisting  revolution  to  the  left^  equal  to  the  distance 
KC  into  the  vertical  weight  resultant. 

Let  the  symbol  of  distance  of  K  from  the  fulcrum,  on 
either  side,  be  <7,  and  its  value  be  computed  or  taken  by 
scale,  at  will ;  and  let  the  symbol  of  moment  of  weight 
leverage  be  M,  then 

M=Awd,  (ia\ 
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For  double  stability,  or  a  coefficient  of  safety  eqaal  to  2, 
— ^—  must,  at  least,  be  equal  to  AiWi  -^5  or 

403.  ThlcknesH  of  a  VerilciU  Rectangular  Wall 
for  Water  Pressure. 

Let  h  be  the  iieight  of  the  wall  and  of  the  water. 
i*    ^     *t      weight  of  a  cubic  foot  of  the  masonry. 
"   M,    "  *'        *'  ''  **      water. 

"   2      "      required  thickness  of  the  wall. 

Then  Ax2x-^xttJ  =  leverage  moment  of  weight  of 
wall,  =  ~—  ;  and  hx^xwix-  —  leverage  moment  of 


pressure  of  water  =  for  double  effect, 


?t^Wi 


The  equation  for  a  vertical  rectangular  wall.  Fig.  75, 
that  is  to  sustain  quiet  water  level  with  its  top,  and  that 
just  balances  a  double  effect  of  the  water  is : 

2    ~    8   ' 

from  which  we  deduce  the  equation  of  thickness, 


5w) 


(11) 


404.  Moments  of  Rectan^ilar  and  Trapezoidal 
Sections. — Let  DCBB,  Pig.  75,  be  a  vertical  rectangular 
wall  of  masonry,  of  sectional  aiva.  exactly  equal  to  the  tii- 
angular  section  of  wall  in  Fig.  74,  viz.,  15  feet  in  height  and 
5  feet  in  bn^adth,  and  weighing,  also,  140  pounds  per 
cubical  foot  Let  the  depth  of  water  which  it  is  to  sustain 
upon  either  side,  at  will,  be  12  feet 
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The  horizontal  resultant  of  water  pressure  is 

w -^  ~  2.25  tons, 

and  the  vertical  resultant  of  weight  of  wall  into  the  coef- 
ficient (.62)  of  firiction  is 

[  W  -  (.25^,)]  X  c  =  2.96  tons. 

This  leaves  a  small  margin  of  fricUoual  stability. 
The  vertical  weight  resultant  is 

{Aw)  -  (.25^0  =  4.78  tons, 

or,  if  there  is  no  upward  pressure, 

Aw  =  fi.25  tons. 

Plot  to  scale  the  horizontal  and  vertical  resultants  from 
their  intersection  in  Xy  and  complete  the  parallelogram 

xPMti ;  then  will  the  diagonal 
xM  be  the  hnal  resultant  of  the 
two  forces. 

The  direction  of  the  diagonal 
now  cuts  the  base  very  near 
the  toe  C,  and  the  given  wall 
with  vertical  rectangular  sec- 
tion lacks  the  usual  cot^flBcient 
of  leverage  stability,  though  it 
was  found  to  have  ample  lever- 
age Btability  in  the  equal  tri- 
angular section. 

If  we  now  give  to  this  same 

'  wall  a  slight  batter  upon  each 

side,  aa  indicated  hy  the  dotted  lines,  its  final  resultant, 

arising  from  the  horizontal  water  pressuiv^  will  lie  in  xO^ 


Fig.  75. 


-^. 
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and  its  direction  will  cut  the  base  farther  from  the  toe,  and 
the  leverage  stability  of  the  wall  will  be  increased. 

Let  DCEB,  Fig.  76,  bo  a  section  of  a  partition  wall  in  a 
reservoir,  subject  to  a  pressure  of  water  whose  surface  coin- 
cides with  its  top,  on  either  side,  at  will.  Let  the  height  be 
12  feet,  and  the  thickness  at  top  4  feet 
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Tlie  side  EC  is  vertical  and  the  side  BD  has  a  batter  of 
three  inches  to  the  foot. 

The  maximum  pressure  resultants  meet  the  respective 
adea  in  P  and  Pj,  in  directions  perpendicular  to  their  sides, 
and  at  depths  equal  to  two-thirds  the  vertical  depth  EC. 
26 
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Plot  to  scale  the  horizontal  pressure  resultants  in  their 
respective  dia^tions  through  P  and  P,,  and  the  weight 
resultant  in  its  vertical  direction  through  the  centre  of  grav- 
itj,*  Oy  and  complete  the  parallelograms.  The  diagonals 
then  give  the  directions  and  magnitudes  of  the  maximum 
leverage  effects. 

The  diagonal  xO  cuts  the  base  CD  at  a  distance  from  K 
leas  than  half  KD ;  the  diagonal  xM  cuts  the  base  at  a 
distance  from  K  more  tlian  half  tlie  distance  KC, 

The  leverage  stability  of  the  wall  is  therefore  satisfactory 
to  resist  pressure  from  the  left,  but  has  not  the  desired 
fEictor  of  safety  to  resist  pressure  from  tlie  riglit 

405.  Grsiiiliical  Method  of  Finding  the  Leverage 
ReHistance. — The  ratio  of  leverage  resistance  may  be 
obtained  from  the  sketch  by  scale,  as  follows :  Extend  the 
base,  JCK  of  the  parallelogram  upon  the  right,  indefinitely ; 
draw  a  broken  line  from  x  through  i>,  cutting  JOi\  in  r, ; 
then  the  ratio  of  leverage  stability  against  the  water  pressui-e 
upon  EO  is  to  unity  as  /r,  is  to  J0» 

Also  extend  KO2  indefinitely  ;  draw  a  broken  line  from 
y2  through  the  toe  (\  cutting  KOir-i  in  r^ ;  then  the  mti^*  of 
leverage  stability  against  tlie  maxlmuvi  water  pressure 
upon  BDls  to  unity  as  -ffr,  is  to  KOj. 

Tlie  ratio  of  TiOj  to  r^JC  exceeds  .5,  but  the  ratio  of  rM 
to  rJ  is  less  than  .6 ;  therefore  the  effect  of  the  horizontal 
pressure  .r,P,  to  overturn  the  wall  exceeds  the  eflfect  of  the 
maximum  pressure  ?/P,  to  overturn  the  wall 

406.  Crranuhir  Stability.— We  have  found  the  maxt- 

*  The  centre  of  gravity  of  a  rcctangTiInr  syminetiical  plane.  Fig.  75,  lies  In 
the  intersection  of  ita  diagonals. 

The  centre  of  gravity  of  a  trapezoidal  plane  DCEB,  Fig.  76,  may  he  found 
graphicallr.  thus:  Prolong  CD  to  1.  and  make  0%  —  EB.  Aleo  prolong  KB  to 
*.  and  make  Bk  =  CD.  Join  *i.  Bisect  CD  and  EB.  in  d  and  h,  and  join  d6. 
Tlie  centre  of  gravity  0  Ilea  in  the  interaectlon  of  the  lines  d&  and  it. 
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mum  water  pressure  resultant  upon  the  inclined  side,  JO 
(Fig.  74),  to  be  yFi  =  p  =  2.714  Urns ;  its  direction  to  "be 
perpendicular  to  JC,  and  its  point  of  aj^plication  to  be  at 
two-ttiirds  the  vertical  depth  JC\  or  iC, 

Plot  this  inclined  resultant,  in  the  prolongation  of  the 
line  i/Pi,  from  a  vertical  through  G,  in  y^P^  =  2.714  tons; 
and  plot  the  vertical  weight  resultant  of  the  wall  from  the 
intersection  //j,  in  yaA'i  =  5.25  tons  ;  complete  tlie  j>artillelo- 
grani  y^PjQJi^-j  then  the  diagonal  yfit  is  in  magnitude 
and  direction  the  maximum  pressure  resultant  of  the  two 
forces  tending  to  crush  the  gi-aniilar  structure  of  the  wall 
and  its  foundation. 

The  following  table  of  data  relating  ta computed  pres- 
sures in  masonries  of  existing  stmctTires,  is  condensed  and 
tabulated  from  memoranda*  given  by  Stoney  and  from 
other  sources : 

TABLE     No.     83. 
Computed  Pressures  in  Masonrv. 


Kxno  or  Masonrv. 


Piers,  All  Saints  Church 

Pillar,  Chapter  Hou  se 

Pillars,  dome  St.  Paul's  Church 
'*     Si.  Peler'b  Church 

Aqueduct,  pier. 

Arch  bricks,  bridge,  Charing  ) 

Cross { 

Pier  bricks.  Suspension  Bridge. 

Bridge  pier 

Arch  concrete,  bridge.  Char-) 

ing  Cross f 

Arch  bricks,  viaduct 

Brick  chimney 


Bricks,  estimaied  pressure  on  ) 
leeward  side  in  a  gale. ..,  \ 


l^OCATION. 


Angers. 

Elgin. 

London. 

Rome, 

Marseilles. 

London. 

CUfton. 
Sal  tush. 

London. 

Birmingham 
Glasgow. 


Matxuai. 


Fomeaux  stone. 

Red  sandstone, 

Portland  limestone. 

Calcareous  tufa. 

Stone. 

London  paviors. 

StatTordshirc  blue  bricks. 
Granite. 

Port.  Cement,  i;  gravel,  7 

Red  bricks. 
Brick. 


m  — 


86^16 
40,096 

394*4 
33.376 
30,240 

26.8SO 

23400 

21,280 

1 7.920 

15.6S0 

20,160 

33,600 


Long  span  bridges  hjive  sometimefl  prosflures  At  their  springing  excelling 
125.000  ponndB  per  aqniLrc  foot. 


*  The  Theory  of  Strains  In  Girders  and  Simitar  Strnctnres.    New  York.  1878. 
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Fatten  Cn(  diovs  itwlf  W  tike  spakog  oir  of  the  ««§E)es 
«r  adigevof  the  fltooeor  or  bjr  the  Imakivg  bcrmboC  staiKs 
«l||0etod  toatansraae  fbain,  and  iieit  bj  the  ctashing 
of  thesoriar. 

407.  Umitinj;  PrefMntreA.— From  experiiaeBts  ct  srr- 
end  en^nceni  upon  the  altimate  cmshizig  stivngth  of  small 
eabee  of  dreased  stoDes  (1  'mch  and  1^  inch  square),  and 
from  erimpatationB  of  pressonfs  npon  the  \ow€T  courses  of 
tafl  stacks  and  spires,  the  data  of  the  following  table  has 
been  prepared : 


I 


TA^BLE     No.    8  6. 
Approximate  Limiting  Ppesscres  upon  Masokrt. 


Lifnestonc, 
Sandstone. 
Granite . . 
Brick.... 


"--■x^  s^^s^^s^  s^-jEi  '-^^^ 


152  lbs. 

4,000  lbs. 

13a  " 

6,000  *' 

154- 

10.000  ** 

lao  " 

2,500  " 

1 15,000  lbs.  50,000  lbs. 

170,000   "  50.000   •* 

280,000  "  60,000   '* 

72,000  "  35.000   *' 


McMafitermentions*  that  in  Spain,  and  in  some  instances 
Jn  Prance,  the  limit  of  pressure  in  stone  masonry  has  heon 
taken  In  practice  as  high  as  14  kilogi-ammes  per  square 
centimeter  (=  28(578  lbs.  per  square  foot);  but  in  the  ma- 
jority of  cases  the  limit  is  taken  at  from  G  kilometers  to  8.60 
kJlomett^rs  per  square  centimeter. 


■  Prufileff  of  High  Miuionr^  Dftioft.     Kew  Tork,  1870. 
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The  ultimate  granular  resistance  of  the  masonry  Ib 
lai^'ly  dependent  upon  the  strength  of  the  mortar,  and 
upon  the  skill  applied  to  the  dressing  and  laying  of  the 
etones. 

It  is  not  advisable  to  allow  either  a  direct  or  resultant 
pressure  cxoc?eding  140  pounds  per  square  inch  within  one 
foot  of  the  face  of  rubble  masonry,  or  225  i>ouad8  per  square 
inch  in  the  heart  of  the  work;  and  these  limits  should  be 
approached  only  when  both  materials  and  workmanship 
are  of  a  superior  class.  • 

The  resultant  of  the  liorizontal  pressure  is  seen  to  cut 
the  base-line  nearer  to  the  toe,  or  fulcrum,  over  which  the 
resultant  tends  to  revolve  the  wall,  than  does  the  resultant 
of  maximum  pressure ;  the  crushing  strain  is  therefore 
greater  near  the  face  of  the  masomy  from  the  horizontal 
than  the  maximum  resultant. 

Care  must  be  exercised,  in  high  structures,  that  the  safe 

^ssHn>  limit  nt*ar  tlie  edge  is  not  exceed*^,  li^st  the  i^g^ 
off,  and  the  fulcrum  be  changed  to  a  position  nearer 
intre  of  the  wall,  and  the  leverage  stability  thus  re- 
daced. 

408.  Table  of  Walls  for  Qniet  W^at^r— The  fol- 
lowing table  gives  dimensions  for  walls  to  sustain  qniet 
wat4'r  on  either  side,  and  also  on  tlie  back  only,  with  a 
Kmiting  face  batter  of  two  inches  per  foot  liae ; 
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TAB  LE     No.    87. 
Approximate  Dimensions  of  Walls  to  Retain  Water. 

For  granite  ru6bie  walls^  in  m&rtar^  of  sptci^  gravity  2.25,  or  weight,  140  pounds 
per  €hH(  foot ;  to  retain  quiet  water  Uvet  -with  iJU  top  of  the  waU, 


VaimcAL 

RBCTAXduUUI 

Wau« 

FjUaSPItS  ON  IITUSR  SIDK. 
SVMMSTUCAI.  PAmmOMB. 

PnsBou  ON  Back  only. 

HelcfaC  of 

wmter  and 

wall,  infect. 

Breadth  la 
fc«t. 

breainhin 
Ceec. 

&HtO(D 

breadth  in 
fwt 

bremd£iD 

fiMU 

PaceUUer 

in  Inchea 

per  ft.  rise. 

Bottom 

breadth  in 
feet. 

4 

3-5 

3-5 

3-S 

35 

0 

3-5 

5 

3-5 

3-5 

3-5 

3.5 

0 

3.5 

6 

3-5 

3-5 

^•S 

3-5 

0 

3-5 

7 

4.0 

3.5 

4-25 

3-5 

j 

4.0 

8 

4.5 

3-5 

5-25 

3.5 

A 

5-0 

9 

5-0 

3-5 

6.00 

3-5 

S.75 

10 

5-5 

3.5 

6.50 

3-5 

6.75 

II 

6.0 

Z'S 

7-25 

3-S 

7-i5 

13 

6.75 

4.0 

7-75 

4.0 

7.83 

13 

7.25 

4.0 

8.50 

4.0 

8.67 

M 

7.75 

4.0 

9.25 

4.0 

950 

15 

8.25 

4^0 

10.00 

4.0 

10.50 

16 

9.00 

4.0 

10.75 

4.0 

11  50 

17 

9-50 

4.0 

11.67 

4.0 

12,00 

iS 

10.00 

5-0 

i«.75 

5.0 

12.50 

19 

10.50 

5-0 

12.67 

S-o 

U-67 

20 

It. 00 

5.0 

13-33 

5-0 

2 

14.50 

21 

11.50 

5-0 

14.00 

50 

2 

'5-25 

23 

12.25 

5-0 

14.83 

5.0 

2 

16.25 

»3 

12.75 

5-0 

15.75 

5.0 

3 

17.35 

*4 

13.25 

5-0 

16.50 

S^o 

3 

18.25 

The  top  thickness  is  to  be  increased  if  tlie  top  of  the 
wall  is  exposed  to  ice-thrust ;  and  tlie  whole  thickneae 
must  be  increased  if  water  is  to  flow  over  the  crest,  accord- 
ing to  the  depth  of  the  crest,  and  its  initial  velocity  of  ap- 
proach. 

Unless  partition-walls  rest  on  solid  rock,  or  on  impervi- 
ous strata  of  earth,  as  they  should,  percolation  under  the 


wmm 
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mufit  be  prevented  hy  a  concrete  or  puddle  stop-wall, 
or  by  sheet-piling ;  or  the  pi*evious  strata  must  be  effectu- 
ally sealed  over. 

409*  Ecouoniic  ProflleR.— It  is  evident,  from  the 
above  investigations,  that  the  protile  has  an  important  influ- 
ence upon  the  leverage  stability  of  a  waD  of  givt^u  weight 
of  material,  and  therefore,  for  a  given  stability,  upon  econ- 
omy of  material. 

The  leverage  stability  against  pressures  of  water  upon 
the  vertical  sides  of  triangular  or  trapezoidal  sections  of 
masonry  is  great**r  than  the  levonige  resisUinc-es  to  prt^ssurea 
upon  their  inclined  sides,  as  is  graphically  illustrated  in  the 
above  sketches ;  hence  there  is  an  advantage  in  giving  all 
tlie  batter  to  the  side  opposite  to  the  pressure. 

The  vertical  rectangular  sections  are  least  economic,  and 
the  triangular  sections  most  economic  of  material. 

When  some  given  thickness  is  assumed  for  the  top  of  a 
retaining  wall,  to  give  it  stability  against  frost,  or  displace- 
ment from  any  cause,  then  theory  makes  both  sides  vertical 
from  tlie  top  downward  until  the  limiting  ratio  of  leverage 
stability  is  n^ached,  and  then  gives  to  the  aide  opposite  to 
the  pressure  a  parabolic  concjxve  curve. 

It  may  be  uecessfiry  Uj  widen  the  base  of  high  walla 
upon  both  sides  beyond  the  breadth  required  for  leverage 
stability',  to  distribute  the  weight  suiru'lently  upon  a  weak 
foundation.  Practical  considerations,  in  opposition  to 
theory,  tend  to  rectangular  vertical  sections. 

Tlie  engineer  who  is  familiar  with  both  theory  and  prac- 
tice, adjusts  the  protile  for  each  given  cAse,  so  as  to  attain 
the  requisite  frictional,  leverage,  and  granular  stabilities,  in 
the  most  substantial  and  economical  manner,  having  due 
regard  to  the  quality  and  cost  of  materials,  and  the  skill 
and  cost  of  the  required  labor. 
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410.  Theory  of  Earth  Pressureft.— Eartli  filling  oi 
the  different  varieties  behind  n.^tuining  walls,  is  mot  in  all 
conditions  of  cohesiveness  between  tlmt  of  a  fluid  and  that 
of  a  solid. 

The  same  fillinj^,  in  place,  is  subject  to  constant  changes 
in  its  degree  of  cohesion,  as  its  moisture  is  incivased  or 
diminished,  or  as  ita  pressure  and  condensation  is  increased, 
or  as  it  is  subjected  to  the  tremulous  action  of  traffic  over  it. 
The  theory  of  earth  pressure,  therefore,  leads  to  less  certain 
results  than  does  the  theory  of  water  pressure. 

We  have  seen  (§  353)  that  different  earths  have  dif- 
ferent natural  aiujhs  of  reqmse  wlieu  exposed  to  atmos- 
pheric influences,  and  they  also  tend  to  assume  their  natural 
frictiOTwZ  angle  when  deposited  in  a  bank.  If  we  make  a 
broad  fill  with  earth,  beliind  a  vertical  wall  and  then  sud- 
denly remove  the  wall»  a  portion  of  the  eartli,  of  triunpilar 
section,  avUI  at  once  fall,  and  the  slope  will  assunie  its  natu- 
ral frictional  angle.  If  we  make  such  a  fill  even  with  the 
top  of  a  vertical  rectangular  wall,  whose  thickness  is  only 
equal  to  one-fourth  of  its  height,  then  the  eartli  will  over- 
turn the  wall.  This  is  evidence  tluit  a  portion  of  the  earth 
produces  a  lat^^ml  pressure.  If  the  earth  is  fully  sattinited 
with  water,  its  lateral  pressxire  may  be  nearly  like  that  of  a- 
fluid  of  eqiuil  specific  gravity.  If  the  earth  is  compact  like 
a  solid,  its  thrust  may  be  nearly  like  that  of  a  rigid  wedge. 

Let  LDBJ,  Fig.  77,  be  an  earth-fill  behind  a  vertical 
retaining  wall  DB.  Let  LDV^  be  the  natural  frictional 
angle  =  ^,  of  that  earth  filling.  It  is  evident  that  the  por- 
tion of  earth  LD  V^  will  produce  no  thrust  upon  the  ma- 
sonry, because  it  would  remain  at  rest  if  the  wall  was 
removed.  Suppose  all  the  filling  above  i>  VI  to  be  divided 
into  an  infinite  number  of  laminas  whose  planes  of  cleava^* 
all  meet  at  one  edge  in  A  and  radiate  from  D.    Then  the 
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thin  lamina  adjoining  D  Yx  will  exert  the  minimum  thrust 
against  the  masonry  and  the  maximum  weight-pressure 
upon  i>Fi.    The  thin  lamina  adjoining  BD  will  exert  the 


Fio.  77. 


maximum  wedge-thrust againstthe masoniy  and  minimum 
weight-pressure  upon  D  Yx, 

Suppose  the  mass  Y^DB J  io  be  divided  into  two  parts 
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by  the  plane  DJ^  which  bisects  the  angle  BD  Fj.  Let  the 
wedge  BDJy  then  be  increased  in  dimensions  by  revolving 
the  side  J  I)  to  the  riglit,  around  D ;  then  its  weight,  as  a 
solid,  will  rest  more  upon  VxD.  and  its  lateral  thmst  will 
not  be  increased,  Lt^t  the  wedge  BDJ^  then  be  reduced  in 
dimensions  by  revolving  the  side  JD  to  the  left ;  then  its 
total  weight  and  its  ability  to  produce  lateral  thrust  upon 
the  masonry  will  be  reduced.  We  may  therefore  assume 
that  that  portion  of  the  mass  V^DBJ.  included  in  the  upper 
wedge  formcHl  by  bisecting  the  angle  \\DB  irUl  be  tlie 
maximum  portion  of  the  earth  that  will  lirst  fall  if  the  wall 
is  suddenly  removrnl,  and  that  the  tlinist  of  the  wi'dge  BDJ^ 
if  considered  alone,  and  as  devoid  of  friction  iqion  the  plane 
JD^  will  give  a  safe  theoretical  maximum  effect  uixin  the 
masomy  of  the  whole  mass  VxDBJ. 

The  practical  value  of  such  assumj)tion  has  been  ably 
demonstrated  by  Coloumb,  Prony,  Canon  Moseley,  Ran- 
kine,  Nt^ville,  and  others. 

411.   Equation  of  Welgrlit  of  Enrth-Wedgre The 

weight  Wi  of  the  wedge  of  earth  (considered  as  one  foot 
in  length),  in  pounds,  equals  its  surface  awa  DBJ^  in  square 
feet,  —  -4s,  into  the  weight  of  one  cubicaJ  foot  of  the  mate- 
rial =  Wj. 


Wi  =  AiW, 


(12) 


Let  the  symbol  of  tlie  frictional  angle  LDV  of  the 
earth  filling  be  <t>,  and  of  ViI>J  be  ? ;  then  will  the  angle 

BDJ=  ^-^  ={t^^\  =  e  =  angle  V,nj=  ». 

Let  the  height  BD  equal  12  feet.  =  h  ;  then  the  area  of 
J>BJ  will  equal  DB  into  one-half  BJ  = 


A^  —  h-K^  tan  ^  =  ^  cotan  (^  +  ?). 


(13) 
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41^.    Equation   of  Pressure  of  Earth-Wedge.— 

Assume  the  weight  of  the  wedge  DBJ  =  A-^c.  =  TFj  to  be 
gathered  into  it6  vertical  resultant  passing  through  its  cen- 
tre of  gravity,  g ;  then  the  tlunist  P  of  the  wedge  equals 
its  weight  into  its  horizontal  breadth  BJ^  divided  by  its 
vertic^  height  BD  = 

P  —  AiW,  tan  fl  =  Wt  cotan  (0  -f  f ).  (14) 

Draw  the  vertical  resultant  TFi  to  scale  in  tfP,  meeting 
the  inclined  phme  JT)^  in  P. 

The  tlirust  effect  of  Wi  will  have  its  maximum  action  in 
a  line  parallel  to  the  line  2>Fi,  since  the  mass  V^DBJ^  as 
a  whole,  tends  to  move  down  the  plane  WD, 

The  theoretical  reaction  from  the  waU,  necessary  to  sus- 
tain TTjj  will  then  be  in  a  direction  parallel  to  D  Vx ,  cutting 
the  vertical  resultant  in  P.  Draw  the  reaction  of  the  wall 
to  scale  in  nP.  The  reaction  of  the  plane  JD  is  in  direc- 
tion and  magnitude  equal  to  the  diagonal  P?/,  of  tlie  paral- 
lelogram of  which  Wi  and  P  form  two  sides.  Draw  the 
reaction  of  JD  to  scale  in  VP.  Then  will  tiie  three  residt- 
ants  eP,  nP,  and  VP  be  in  equilibrium  about  the  point  P. 

Let  0  =  30\ 

Assume  the  filling  to  be  of  gravel,  weigliing  125  jx)unds 
per  cubic  foot,  and  that  after  a  storm,  its  drains  being 
obstructed,  its  voids  are  filled  with  water,  increasing  the 
weight  to  140  pounds  per  cubic  foot,  =  Wz ;  then 

90° -0 


W,  =  I  cotan  (0  -f  <r)  w,  =  ^ 

-10 
=  12  feet  X 


tan 


feet  X  .57735  x  140  pounds 


=  6,820  pounds  =  2.91  tons. 

The  reaction  from  the  wall  necessary  to  sustain  the 
weight  of  the  wedge  JBD  — 
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P  =:  TFa  tan  <9  =  '±  cotan'  (0  4-  9)  w,  (15) 

=  2.91  tons  X  .57735 
=  1.68  tons. 

The  horizontal  effect  of  P  — 

ar  =  P  cos  (f»  =  AjiOf  tan  6  cos  ^  (16) 

=  1.68  tons  X  .86602  =  1.46  tons. 

The  tlirust  of  the  wedge  tending  to  push  away  and  to 
overturn  the  wall  is  equal  to  the  reaction  from  the  wall 
necessary  to  sustain  the  wedge  in  position.  We  find  its 
horizontal  effect  in  this  case  to  be  1.45  tons,  and  this  is  the 
uiuximuui  effect,  =  :r,  tending  to  displace  the  wiill  hori- 
zontally. 

413*  Eqitation  of  3[onient  of  Pi'cssiire  Leverage. 
— ^Tlie  maximum  'mament  of  pressure  leverage^  L,  teuding 
to  overturn  the  wall  around  its  toe,  equals  x  into  the  height 
in  feet,  above  D  at  which  x  meets  the  wall. 

When  the  wall  is  vertical  and  Uie  surface  of  filling  hori- 


zontal, X  always  meets  BD  at  one-third  h  from  i>,  = 


3' 


therefore  the  equation  of   moment  of  pressure  leverage 
becomes 


Lx^x~=  {AtWi tan  0 cos 


3 


(17) 


12  ft 
=  1.45  tons  X  '  =  5.80  tons. 

o 


414,  Thickness  of  a  Vertical  Reetangrtilar  Wall 
for  Earth  I*res»ure. — The  moment  of  weiglit  leverage  of 

a  vertical  rectangular  wall  is  — «-  ,  in  which  z  is  the  thick- 

ness  of  the  wall. 


SUBCHABOED    EAHTH-WEDGE, 
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The  double  moment  of  pressure  leverage  of  earth  level 
with  the  top  of  the  wall  is 

k      h^ 
(A'w)j  tan^  (?  cos  ^)  X  -o-  =  o"  W'a  ^^  ^  <^^  ^'. 

When  the  wall  just  balances  the  theoretical  double 
pressure  of  the  earth  level  with  its  toi^, 

--—  =  —  W2  tm*  0  cos  <t>f 

from  which  is  deduced  the  equation  of  thickness  for  a  ver- 
tical rectangular  wall, 


H 


2h^Wt  tan'  tf  cos  ^  I  *  _  j  h^Wt  tan'  e  cos  tp  u 


3^20 


rn 


1.5tD 


m 


415.  Surcharged  Earth- We<lgre.— When  the  earth- 
fill  behind  a  wall  is  carried  up  above  the  top  level  BJ  of 
the  wall,  and  is  sloped  down  against  the  top  angle  By  or 
upon  the  top  of  the  wall,  the  fill  DBjF  is  then  termed  a 
f^urcharged  fill. 

Its  weight  TTa  is,  as  in  the  case  of  the  level  ^,  per  lineal 

foot, 

Wt  =  AtWt.  (19) 

To  compute  the  pressure  of  the  surcharged  fill,  we  may 
divide  the  mass  V\DBF  into  two  wedges  by  a  plane  DF^ 
bisecting  the  angle  V\DB^  and  take  the  action  of  the  wedge 
FDB  as  equivalent  to  the  effective  action  of  the  whole  mass 
VDBF. 

Let  the  natural  finctional  angle  of  the  earth-fill  be 

0  =  3o^ 

The  area  A^  of  the  wedge  FDB  may  be  computed  by 
any  method  of  ascertaining  the  area  of  a  triangular  super- 
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fices.  If,  -With  a  given  slope  BF,  the  fill  does  not  rise  as 
high  as  F,  and  its  surface  level  cuts  FB  and  FJ  between 
the  levels  of  F  and  B,  then  its  ai-ea  is  ascertained  by  any 
method  of  ascertiiiuLiig  the  superhces  of  a  traperium. 

Let  fall  upon  DFa,  pei-pendicular  from  B^  meeting  DF 
in  / ;  then  the  distances  IH  and  iF  are  equal,  each,  to  the 

90°- 


cosine  of  the  angle  BDF  =  cos. 
distance  iB  is  equal  to  sin  — ^ — 


=  cos  ^  ;  and  the 


<P 


—  sin 


Let  the  height  DB  ^  h  =  12  feet. 

The  area  ^ZJi^' equals  the  length  DFinto  one-half /5  = 

jIj  =  A  X  9  cos  0  X  h  I  Bin  6  =  h  cos  ^  x  ksmO      {20) 
=  (12  X  ,866)  X  (12  X  .5)  =  62.63  sq,  ft. 

Let  the  mean  weight  of  the  fill,  which  is  quite  sure  to  be 
drained  above  the  level  BJj  be  assumed  130  pounds  per 
cubical  foot 

416.  Pressure  of  a  Surcharged  Earth-Wedge.— 

Suppose  tlie  weight  to  be  gatheivd  into  its  vertical  resultant 
passing  through  the  centre  of  gravity  g^,  of  the  mass  DFB. 
Tills  vertical  resultant  will  meet  the  plane  FD  in  Pj  at  a 
level  higher  than  P. 

The  wedgo-thmst  Pj,  due  to  the  weight  TT.,  equals  the 
weight  into  the  horizontal  breadth  BJ,  divided  by  the 
height  I>B  = 


P,  =  Pr3tan 


90^-0 


=  AiWi  cotan  (^  4-  v)  = 


(2i> 


62.53  sq.  ft.  X  130  lbs.  x  .677  =  4690.38  lbs.  =  2.345  tons. 

The  maximum  pressure-action  of  the  weight  upon  the 
wall  is  in  a  direction  parallel  to  Yj  A  the  natural  fiictional 
angle  ^^,  of  the  filling  material.  Its  Jiorizontal  pressure 
^ect,  Xi,  is  therefore : 


PHESSURE   OF   AN    INFINITE   SCRCHARQE.  415 

a^  =  Pi  X  COS  0  =  iijW,  tan  0  cob  ^  =  {22) 

2.346  tons  x  .866  =  2.03  tons. 

The  maximura  horizontal  pressure  resultant  takes  its 
direction  through  Pi  and  meets  the  wall  at  the  altitude  of 

P„  which  is  greater  than  ^. 

We  may  here  observe  that,  even  though  the  fill  DBF 
is  of  lighter  material  than  the  till  DBJy  so  that  the  total 
weight  of  one  is  exactly  equal  to  the  total  weight  of  the 
otlier,  tlie  pressure  leverage  effect  from  the  sxircharged  fill 
will  exceed  the  pressure  leverage  effect  from  the  level  till, 
because  its  centre  of  gravitj^  g-t  will  be  higher  tlian  g,  its 
vertical  i-esultant  W^  w\W  meet  the  plane  JD  in  P,  at  a  point 
higher  than  P,  and  its  lioiizontal  resultant  r,  will  meet  tlie 
wall  at  a  greater  altitude  fi-om  J>  than  will  the  resultant  x. 

Let  r*  be  the  symbol  of  the  ratio  of  h  at  which  X\  meets 
the  wall  from  D ;  tlien  if  w,  meets  DB  at  J^,  /•*  =  .3333 ; 
and  if  Xx  meet  DB  at  JA,  r*  =  .5,  etc. 

417.  3Ionieiit  of  a  Surcharge  PreHHure  Leverage. 
— The  maximum  moment  of  pressure  lenerage  i/i,  of  a  sur- 
chai^ed  fill,  tending  to  overturn  the  wall  around  its  toe, 
equals  a?,  into  the  height,  in  feet  =  {rji)  above  2>,  at  which 
Xi  meets  the  wall. 


Li  =  XxX  (rjt)  =  AjWt  tan  0  cos  0  (rji)  = 
2.03  tons  X  C.98  =  12.14  tons. 


(23) 


418.  Pressure  of  an  Inflnite  Siirchargre.— Let  BF, 

Fig.  78,  be  the  natural  slope  of  the  filling  material,  and 
parallel  mth  DI,  which  makes  with  DL  the  natural  fric- 
tional  angle  LDI  —  <p.     Jjct  ^T?' extend  iudefinitely. 

If  IDBFis  a  perfect  solid  it  will  be  just  upon  the  point 
of  motion  down  tlie  slope  ID ;  on  the  other  hand,  if  IDBF 
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is  liquid,  of  specific  gravity  equal  to  the  specific  gravity  of 
the  filling  material,  it  will  then  exert  its  maximum  pressm-e 
upon  the  wall-face  DB. 

Let  the  filling  be  considered  liquid,  resting  upon  the 
equivaleni  horizontal  base  i)/,  and  having  the  €guiw,lejit 
horizontal  surface  BF. 

Let  fall  upon  DI  a  perpendicular  from  5,  meeting  DI 
inj\  then  will  Bj  be  an  equivalent  vertical  projection,  or 
trax^,  of  BD.  Tlie  angle  DBj  equals  the  angle  LDI  =  ^. 
The  distance  Bj  =  ^,  eqimls  the  distance  BD  {—h)  into  the 
cosine  of  the  angle  DBj  =  h  cos  4>. 

The  direct  liquid  pressure  P,  upon  Bj  equals  ~^Wt  = 


and  the  pressure  upon  BD  in  the  same  direction  is 


m) 


=  w. 


cos'  0, 


and  ita  maximum  resultant  has  a  direction  parallel  with 
IDj  and  meets  Bj  at  one-third  the  height  jB^  in  m-y  and  BD 
at  one-third  the  height  DB^  in  P,. 

The  horizontal  pressure  effect  Xx  upon  the  wall  BD^  is 


193 

130  lbs.  X  ^  X 


P,  cos^  =  M,—  cos*0  =  (26) 

6496  =  6079.32  lbs.  =  3.036  tons. 


The  maximum  moment  of  liquid  pressure  leverage  Ly 
of  the  infinite  surcharged  fill  tending  to  overturn  tlie  wall 
around  its  toe,  equals  Xx  into  one-third  the  height  BD, 


8.036  tons  x  — ^—  =  12.14  tons, 
o 


(26) 
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419.    Re8l8tanc«    of    3[a>(onrj    Kevetinents* — Die 

elemeats  of  stabilitj  of  a  revetment  that  enables  it  to  sus- 
tain the  thrust  of  an  earth-filling  behind  it,  are  identical 
with  those  we  have  already  examined  (§  401),  that  enable 
it  to  sustain  a  pressure  of  water. 

There  must  be  sufficient  weight  TT,  to  give  it  frictional 
stability,  -S,  and  the  profile  must  be  adjusted  so  tliat  with 
the  given  weight  the  mass  shall  have  the  requisite  moment 
M  of  weight  leverage,  with  an  ample  coefflcienty  of  safety, 
to  resist  the  thrust  of  the  earth-filling,  at  its  maximum. 

The  weight  of  wall  above  any  given  horizontal  plane 
between  B  and  D  (Fig.  77)  equals  the  area  of  the  section 
above  tliat  plane  in  square  feet,  into  the  weight  of  a  cubical 
foot  of  the  materials  of  the  wall  (§  398), 

=  W=  Aw. 

The /rictumal  stability^  S^  of  the  wall  at  the  given  hori- 
zontal plane,  that  has  to  resist  the  horizontal  pressure  of 
the  earth  filling,  equals  the  weight  of  masonry  above  that 
plane,  plus  the  vertical  downward  pressure  of  any  water 
that  may  rest  upon  its  front  batter  {^EC,  Fig.  80),  less  the 
vertical  resultant  of  upward  pressure  beneath  tlie  plane  or 
in  the  bed-joints,  and  into  the  coefficient  of  friction  of  the 
given  section  upon  its  bed  (§  398), 


8  =  {W-\-  e  —  C|^).c. 

The  moment  of  weight  leverage  of  the  wall  that  has  to 
resist  the  overturning  tendency  of  the  earth-thrust,  equals 
the  weight  of  the  masonry  above  the  given  plane  into  the 
horizontal  distance  of  the  centre  of  gravity  of  tlie  masonry 
from  the  toe,  or  fulcrum,  over  which  the  thrust  tends  to 
revolve  it  (§403), 

M  =  Awd. 
27 


i 
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Id  these  equations : 

W  is  the  weight  above  the  given  plane. 

frictional  stability  of  the  given  section, 
nioineui  of  weiglit  leverage  of  the  given  section. 
vertical  downwaixi  water  pressure  re&iiltauu 
vertical  upward  water  pressure  resultant 
ratio  of  effective  vertical  upward  water  presswwL 
coefficient  of  friction  of  the  given  section  upn 
its  bed. 
The  moment  of  weight  leverage  of  the  wall  must,  for  u 
safe  coefficient  of  stability,  be  equal  to  double  the  moment 
of  pressure  leverage  of  the  earth  fill ;  that  is,  for  a  level  fill 
we  must  at  least  make 


3 
M 

e 

Zx 
Ci 

c 


a    a 


((    (i 


a    a 


Awd 
~2 


=  AiWt  tan.  0  COS.  ^ 


h 
3* 


and  for  a  surcharged  fill. 


—^  —  AtW^  tan.  9  cos.  0  (r^AX 

and  a  like  margin  of  frictional  stability  should  be  secured. 

420.  Final  ResultautH  in  Revetments.— The  heiglit 
of  tlie  wall  (Fig.  79)  is  the  same,  by  scale,  as  the  wall  in 
Fig.  77,  whose  ivactious  to  sustain  the  level  and  surcharged 
fills  we  have  investigated. 

The  back  of  the  wall  (Fig.  79)  is  vertical,  and  the  hori- 
zontal eailh-thnists  against  it  are  as  before  computed — viz., 
1.4.0  tons  for  the  level  iill,  and  2.03  tons  for  the  surcharged 
fill.  Draw  these  horizontal  ear-th-thnist  resultants  to  the 
left  from  a  vertical  line  passing  through  the  centre  of  gravity 
of  the  masonry,  in  their  respective  directions  and  at  their 
respective  altitudes.  Bmw  in  the  vertical  line  the  vertical 
weight  resultant  of  the  masonr^Mn  PK;  complete  the  paral- 
lelogram FKOjE/  then  will  the  diagonal  PO^  represent,  in 
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magnitude  and  direction,  the  resultant  effect  of  tjie  level  fill 
LDBJ. 

Draw  the  vertical  weight  resultant  of  masonry,  also,  in 
P^e^,  and  complete  the  parallelograni  P^J^x^ ;  then  will  the 
diagonal  PJII  represent,  in  magnitude  and  direction,  the 
resultant  effect  of  the  surcharged  till  LDBF. 

The  comparative  thrust  effects  of  the  level  and  sur- 
charged tills  upon  the  masonry-  are  shown  by  the  positions 
of  the  respective  final  resultants,  and  the  comparative  re- 
sistances of  the  wall  against  each,  by  the  distances  from 
C,  at  which  their  directions  cut  the  plane  CD. 

Pio.  79. 


421.  Table  of  Trai>ezoidal  Revetments.— The  fol- 
lowing tabic  of  dimensions  of  walls,  to  sustain  earth,  in 
which  the  sections  are  trapezoidal,  and  face  batters  limited 
to  two  inches  per  foot  rise,  is  adapted  for  walls  to  sustain 
gradings  about  puinp-houaes,  reservoir-grounds,  etc.,  and 
will  ^ve  approximate  dimensions  for  i)lotting  trial  sections 
when  it  is  desired  to  resolve  the  profile  into  other  forms. 
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TA  BLE    No.    88. 
Approximate  Dimensions  of  Walls  to  Sustain  Earth. 

For  gr<mite  ntbbtt  walh^  in  mortar^  of  tpteiJU  graiHty  2.25,  <fr  weight  140  pounds 
per  cubic  foot,  to  nlain  earth  level  with  the  top  of  the  wall. 


Heiehi  of  wmll, 
lufeeu 

Top  bread  Ih  of 
wftll.  ID  feet. 

Fic«  batter  of 
wall,  in  inches 
per  foot  rtse. 

Btse  breadih  of 

wnil  Bl  tower  earth 

surface.  In  feet. 

Thlctne«  f-i  a 

vCTtiiitl  rectaii|{uJar 

wall,  in  feet. 

4 

3-0 

0 

3-0 

30 

5 

3-0 

0 

30 

30 

6 

3-0 

0 

30 

30 

7 

3-0 

0 

J-2S 

350 

8 

3-0 

: 

3-83 

4.00 

9 

3-33 

1 

4.83 

4- 25 

xo 

3-33 

X    - 

5-00 

450 

11 

35 

I 

5-25 

5.00 

12 

3  5 

2 

5-67 

5-5° 

13 

3-5 

2 

6-33 

5-83 

14 

3-5 

2 

7.00 

6.25 

>5 

3-5 

2 

7.50 

6.75 

16 

4.0 

2 

8.00 

7.25 

'7 

4.0 

2 

8.67 

7-75 

18 

50 

2 

9.00 

8.25 

»9 

50 

2 

9-50 

8.75 

20 

50 

2 

9.87 

9.00 

31 

5.0 

2 

10.50 

9.50 

22 

50 

2 

1 1. 00 

10.25 

23 

50 

2 

^^Z^ 

10.50 

24 

S-o 

2 

11.78 

10.75 

It  will  rarely  be  adrisable  to  reduce  the  top  thicknesses 
given  in  the  table,  >vith  a  view  only  to  economizing  ma- 
terial lest  the  top  courses  be  too  light  to  withstand  the 
variety  of  shocks  to  which  they  will  be  liable,  and  which 
are  not  recognized  in  the  common  formulas. 

Several  eminent  professors  who  have  written  upon  the 
theory  of  retaining  walls,  give  formulas  for  determining  their 
proportions ;  but  such  formulas  usually  give  too  small  top 
breadths,  for  practical  adoption,  for  low  walls,  and  objec- 
tionably great  top  breadths  for  high  walls. 


CtTRVED    FACE— BATTER    EQUATION. 
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Each  class  of  wall  has  its  own  most  convenient  top 
breadth,  which  remains  nearly  constant  through  a  large 
range  of  height. 

Common  nncoursed  rubble  waDs  of  granite,  laid  dry, 
should  be  iucreatted  from  the  above  dimensions  six  inches 
in  the  top  breadth  and  thirty -three  per  cent,  in  the  bottom 
breadth.  If  the  level  carth-lilling  behind  the  wall  is  to  be 
loaded,  or  subject  to  traffic,  the  weight  and  leverage  resist- 
ance of  the  wall  are  to  be  increased  accordingly. 

The  thrust  of  the  tilling  material  behind  a  retaining  wall, 
upon  the  wall,  will  be  lessened  if  the  filling  next  the  wall 
is  spread  in  thin  horizontal  layers  and  well  settled,  instead 
of  being  allowed  to  slope  against  it,  as  it  falls  at  the  head 
of  a  dump. 

422.  Curved  Face— Batter  Equation. — When  it  is 
desired  to  give  to  the  face  a  curve,  the  back  being  perpen- 
dicular, and  the  top  breadth  constant,  the  following  equa- 
tion will  asaifit  in  determining  ordinates  at  any  given  depths 
for  plotting  a  trial  section. 

Let  h  be  the  assumed  top  breadth,  and  i  the  thickness 
at  any  given  depth  rf,  then 

^  =  6  -h  .75  ^/d\  (27) 

For  illustration,  assume  the  top  breadth  not  less  than 
3.5  ffet ;  then  for  several  given  depths,  from  0.0  to  30  feet, 
we  have  ordinates,  or  thicknesses,  as  given  in  Table  No.  89. 

Upon  the  curve  thus  obtained,  steps  may  be  laid  off  with 
either  vertical  or  battered  risers. 

Tests  with  the  equation  for  moment  of  leverage  stability, 
will  determine  whetlier  the  risers  may  cut  the  curve,  or  if 
the  inner  angle  of  trt^ad  and  riser  shall  lie  in  the  curve. 

A  slight  increase  or  reduction  of  the  top  breadth,  or  of 
tlie  fractional  multiplier,  will  incnmso  or  reduce  the  wall- 
section,  as  desired. 
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TABLE     No.     89. 
Thickxess  at  Given  Depths  of  a  CmvED  Face  Wall 


Demo. 

TincicKnft. 

/tvT. 

<*> 

nf? 

F*^ 

O 

35 

^- 

.o 

^ 

S'SO 

& 

35 

+ 

.6 

^ 

4-10 

m     6 

3-5 

+ 

I.IO 

^ 

4.60 

1      ' 

3-5 

-f- 

1.69 

= 

S»9 

1     " 

3-5 

+ 

2-37 

^ 

5.87 

1     " 

3-5 

+ 

3-«« 

= 

6.62 

1     '5 

3-5 

+ 

«6 

^ 

7.86 

■             20 

3-5 

+ 

6.71 

^ 

10.21 

i            '5 

3-5 

+ 

9.38 

^ 

12.88 

P        30 

3-5 

+ 

12.3a 

= 

iS'8» 

433.  Back  Batters,  and  their  EquationH. — When 

for  practical  or  other  reasons  there  is  objection  to  giving  all 
the  batter  to  the  front  of  the  wall,  and  a  portion  of  it  is 
placed  upon  the  back,  then  it  is  nsnally  arranged  in  a 
series  of  offsets  or  steps  BI)i ,  Pig.  80. 

In  such  case,  the  weight  of  tlie  triangle  of  earth  B^D^B 
may  be  assumed  to  be  supported  entirely  by  the  wall,  and 
as  producing  no  lateral  thrust  upon  the  wall.  This  triangle 
increases  the  weight  leverage  of  the  wall,  and  moves  its 
weight  resultant  farther  back  from  the  toe  C 

Find  the  centre  of  gravity  of  the  masonry,  in  g,  and  tind 
the  centre  of  gravity  of  the  triangle  of  earth,  in  </, ;  then  will 
the  centre  of  gravity  of  the  two  united  bodies  be  in  G. 

Let  LDiIhe  the  natural  frictional  angle  of  the  material. 
Bisect  the  angle  IDxBj  by  the  plane  I^I^;  then  we  may 
assume  the  trapezium  D^B^F^F  to  be  that  portion  of  the 
earth-filling  that,  considered  alone,  will  produce  the  maxi- 
mum thrust  effect  upon  the  wall,  and  its  horizontal  and 
leverage  effects  may  be  computed  by  equations  21  and  23. 
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Prof,  Moseley's  equation  *  for  the  maximam  pressure  of 
a  surcharge  simUar  to  this  is 

Pi  =  iw,  J Ai  sec  «  -  (A,«  tan'  ^  +  c,«)»p,  (28) 

in  which      Cj  is  the  height  B^ . 

Pi     "       maximum  pressure  of  the  earth. 
Wt     "       weight  of  one  cubic  foot  of  earth. 
hi     *        vertical  distance  i),c,. 
^     "       Mctional  angle  of  the  earth. 

424.   Inclination   of  Foundation.— The   Mctional 
stability  of  a  wall  upon  its  foundation  is  materially  in- 

*  MechanicB  of  Engineering,  p.  426.    Van  Noetrand,  New  York,  1860. 
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creased,  and  its  pressure  is  more  evenly  distribute  upon 
the  foundation  stratum,  if  an  inclination  is  given  to  tbe  bed 
nearly  at  riglit  angles  to  the  final  thrust  resultant,  as  ui 
Fig.  80.  Bed-joints  may  often  be  similarly  inclined  with 
advantage. 

A  sliding  motion  in  such  case  involves  the  additional 
work  of  lifting  the  whole  weight  up  the  inclined  plane, 

435.  Front  Batters  and  Steps.— Masons  experience 
a  very  considerable  difficulty  in  laying  the  face  of  rubble 
walls  with  batters  exceeding  two  inches  to  the  foot,  and 
often  witlj  batters  exceeding  one  and  one-half  inches  to  the 
foot,  unless  with  stones  from  a  quarry  where  the  transverse 
cleavage  varies  several  degrees  from  a  perpendicular  to 
the  rift. 

The  difficulty  is  increased  when  the  bed-joints  of  the 
work  are  level  from  front  to  rear,  as  the  workmen  prefer  to 
make  them. 

It  is  especially  troublesome  to  the  workmen,  and  expen- 
sive as  well,  to  make  face-batters  of  liigh  walls  conform  to 
the  theoretical  curved  batters  deduced  from  the  logarithmic 
equations. 

It  is  better,  therefore,  to  transpose  the  curve  into  a  series 
of  steps  when  its  tangent  inclination  exceeds  two  inches  to 
the  foot,  in  which  case  the  steps  may  have  equal  heights 
and  varying  projections,  as  in  Fig.  81,  which  is  a  revetment 
upon  a  navigable  river,  or  may  have  both  varying  rise  and 
projection,  with  batter  up<:»n  the  rise,  as  in  the  weir,  Fig.  72. 

426.  Top  BrejMlths.— The  thickness  at  the  top  of  a 
revetment  should  in  all  cases  be  sufficient,  so  that  its  weight 
will  be  able  to  resist  the  frost  expansion  thrust  of  the  sur- 
face layers  of  the  earth.  Sometimes  a  batt<*r  is  given  to  the 
back  of  the  wall,  three  or  four  feet  down  from  the  top,  to 
enable  the  earth  to  expand  readily  in  a  vertical  direction. 
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and  thos  act  with  less  force  borizontallj  against  the  backs 
of  the  cap-stones. 

An  increased  thickness  at  the  top  of  the  wall,  and  at  all 
points  of  depth,  is  also  uecesaarj  when  the  tilling  is  liable 
to  be  loaded  with  construction  materials,  fuel,  merchandise, 


or  other  weights,  or  if  it  is  to  sustain  traffic  of  any  kind, 
Tlie  additional  weigiit  may  in  such  case  be  considered 
equivalent  to  a  surcharge  weight,  and  the  centre  of  gravity 
of  the  filling  and  of  the  additional  weight  will  be  resolved 
into  their  united  centre  of  gravity  and  the  vertical  resultant 
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be  considered  as  passing  through  this  new  centre  of  gravity. 
The  new  liorizoDtal  thrust  resultant  will  then  act  upon  the 
wall  at  a  greater  altitude,  and  with  greater  leverage  than 
the  horizontal  resultant  of  tilling  alone  (§  416),  as  has 
been  alread}^  demonstrated. 

In  the  cases  of  discliarge  weirs  the  floods  are  considered 
as  surcharge  weights,  and  not  only  the  depth  of  water 
behind  the  weir  and  upon  its  crest  is  to  be  considered,  but 


Fio.  82. 


the  additional  height  to  which  the  velocity  of  approach  of 
the  water  is  due. 

If  there  is  but  one  or  two  feet  depth  of  water  flowing 
over,  thon  the  cap-stones  may  be  subject  to  tlie  blows  of 
logs,  cakes  of  ice,  and  such  debris  as  the  floods  gather. 

427.  Wharf  Walls.— When  a  wall  is  to  be  generally 
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used  for  wharf  purposes,  its  face  should  be  protected  hy 
fendnT  piles,  both  for  its  own  advantage  and  that  of  the 
vessels  that  lie  alongside. 

Fig.  82  iilusti'ates  the  method  of  piling  and  capping, 
adopted  by  the  writer,  in  an  extensive  wkarf-pler  of  one- 
half  mile  frontnge  in  one  of  the  de?ej)  liarbors  upon  the  New 
England  coast.  The  caps  are,  in  this  case,  dressed  dimen- 
sion stones,  three  and  one-half  feet  wide  and  one  foot  thick. 
The  wharf  log  is  made  up  of  12 '  x  10"  and  12"  x  8"  haid 
pitch  pine,  placed  one  upon  the  other  so  as  to  break  joints, 
and  tre-nailed  together.  T\\e  anchora  of  the  pile-heads  pass 
through  the  cap-log,  and  their  bolts  i)ass  through  the  cap- 
stones into  headers  specially  placed  to  receive  them.  The 
piles  are  placed  eight  feet  between  centres,  and  each  fourth 
pile  extends  above  the  log  for  a  belay  pile.  WaUng 
piecesof  6 '  x  12"  haid  pine  are  fittetl  between  th**  jiik*- heads, 
and  spiked  to  the  face  of  the  cap-log  to  contine  the  pile- 
heads  rigidly  in  place,  Midway  bet^veen  the  belay  piles 
are  belay  rings,  whose  bolts  pass  through  the  cap-logs  into 
headers,  and  are  also  anchored  by  straps  to  wip-stones. 

428.  C'ouiiter-forted  WallH,— Tliere  is  so  rarely  an 
economic  advantage  in  counter-foi-ting  a  wall,  except  in 
'those  cases  of  brick  walls  where  the  counter-fort  may  take 
the  form  of  a  buttress  upon  the  exterior  face,  that  we  shall 
not  here  devote  space  to  tlieir  special  theoretical  investiga- 
tion, which,  by  graphical  analysis,  is  a  simple  reapplication 
of  the  principles  already  laid  down. 

429.  Elements  of  Failure. — In  our  theoretical  inves- 
tigation of  the  resistances  of  masonry  to  sliding  or  overturn- 
ing we  have  supposed  the  walls  to  be  laid  in  mortar  and 
solid,  and  well  bonded,  so  that  the  mass  was  practically 
one  solid  piece,  considered  as  one  foot  long. 

If  any  given  foot  of  length,  considered  alone  as  a  unit 
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of  length,  is  found  stable,  aiid  oach  other  foot  is  equal  to  it^ 
then  evidently  the  whole  length  will  be  stable. 

The  joints  from  front  to  rear  iu  cut  and  tirst-olass  rubble 
walls  are  usually  laid  level,  and  the  workmen  intend  to  give 
a  good  bond  of  one  course  upon  another.  AVheu  eonsider- 
ing  the  leverage  stability  of  a  high  wall,  at  tlie  respective 
joints,  working  from  top  downward,  wo  usually  treat  the 
joints  as  horizontal  planes.  Let  us  turn  again  to  the  sketch 
of  the  partition  wall,  Fig.  76,  which  Ims  joints  laid  oif  upon 
it  showing  an  average  class  of  rubble  work.  Suppose  the 
wat<*r  to  be  dmwn  off  from  the  side  EC\  and  the  fall  water 
upon  the  oj^posite  side  to  be  freezing,  and  the  ice  exerting  a 
thrust  upon  the  upper  courses  of  the  wall.  We  investigate 
the  leverage  stabilty  at  the  joint  jj^y  and  tind  that  it  will 
resist  a  considerable  leverage  strain,  wliich  for  further  illus- 
tration we  assume  to  be  ample.  Examining  critically  the 
building  of  the  wall,  we  find  that  jjx  is  not  the  real  joint, 
and  j\  tlie  fulcrum  to  be  considered  in  connection  with 
pressure  upon  Bj\  but  in  consequence  of  faulty  workman- 
ship, jjzji  is  the  zigzag  joint  and  j\  the  fulcrum,  and  tliat 
the  joint,  instead  of  being  horizontal,  is  an  equivalent  in- 
clined plane  on  which  the  wall  is  quite  likely  to  yield  by 
slipping  slightly  \vith  each  extra  lateral  strain  put  upon  it. 

If  in  a  high  and  long  wall  such  weaknesses  are  rejieated 
several  times,  the  result  will  be  a  bulge  upon  the  face  of 
the  wall,  oixlinarily  i-eaching  its  maximum  at  about  one- 
third  the  height  of  tlie  wall,  tlie  portion  above  that  level 
ap]>earing  to  have  been  moved  bodily  forward,  and  ivtain- 
ing  nearly  its  true  batter. 

When  walls  are  so  high  as  to  require  a  thickness  in  a 
considerable  portion  of  their  height  exceeding  seven  or 
eight  feet,  careless  wall-layers,  who  are  not  entitled  to  the 
honorable  name  mechanic^  often  pile  up  xm  outside  and 
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inside  course,  and  fill  in  the  middle  with  their  refuse  stone, 
thus  producing  a  miserable  structure,  especially  if  it  is  diy 
rubble,  that  is  almost  destitute  of  levei-age  stability,  unless 
a  great  surplus  of  stone  is  put  into  tlie  wall  sufficient  to 
resist  the  thrust  of  an  eartli-backing  by  compounded  weight 
alone. 

Short  T^'alls  supported  at  each  end  may  by  such  trans- 
verse motion  be  bnmglit  into  an  arched  form,  concavt*  t() 
the  pressiu'e,  but  at  the  same  time  into  a  state  of  longitudi- 
nal tension  that  will  assist  in  preventing  further  motioih 

If  there  is  the  least  transverse  motion  in  a  mortared  wall 
sustaining  water,  the  masonr}''  ceases  from  that  instant  to 
be  water-tight,  and  if  the  stones  are  in  the  least  disturbed 
on  their  bed  after  their  mortar  has  begun  to  set,  the  wall 
will  never  be  tight 

430.  End  SupportH.— Well  constructed  short  walls, 
supported  at  each  end,  such  as  gat*^-chamber  and  wheel-pit 
walls,  have  au  appn-»eiable  aniount  of  that  tmnsverse  n^sist- 
ance  prominently  recognianl  in  a  beam,  which  jM^rmits 
their  sections  to  be  reduced,  an  amount  dependent  on  the 
effective  value  of  sucli  transverse  support.  Tlie  supported 
ends  of  long  walls  transmit  thi'  influence  of  the  support  hi  a 
decreasing  ratio,  out  to  some  distance  from  the  (^u]»ports, 
and  walls  whose  ends  abut  upon  inclines,  as  in  tlie  case  of 
stone  weirs  across  valleys,  may  be  reduced  in  thickness, 
ordinarily,  at  the  top  and  tlirough  their  whole  height,  as 
tlie  height  reduces. 

4JJ1.  Face<l,  unci  Concrete  Itcvetiiients. — Walls  on 
deep  water-fronts,  as  in  Fig.  81,  for  instance,  when  laid 
within  coffer-dams,  are  often  faced  with  coui'sed  ashler 
having  dressed  beds  and  builds,  and  backed  up  with  either 
rubble-work  laid  in  mortar,  or  with  concrete,  the  headers  of 
the  ashler  being  intended  to  give  the  requisite  bond  between 
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the  two  classes  of  work-  Much  care  mast  be  exercised  in 
such  composite  work,  lest  tlie  unequal  settlement  of  the 
different  classes  of  work  entirely  destroy  the  effective  bond 
between  tliem  and  thus  lead  to  iaQure. 

Such  walls  have  been  constructed  with  j)erfect  sucM^ess 
without  coffer-dams,  of  heavj'  blocks  of  moulded  beton,  and 
also  successfully  by  depositing  concrete  in  place  in  the  wall, 
under  water,  with  tlie  assistance  of  a  caisson  mould,  or 
sheet-pile  mould,  thus  forming  a  monolithic  revetment. 

Foundations  under  water  to  receive  masonry  structures 
have  also  been  successfully  placed  by  the  last-mentioned 
system. 

Concrete  structures  under  water  laid  without  coffers, 
however,  demand  the  exei*cise  of  a  great  deal  of  good  judg- 
ment, educated  both  in  theory  and  by  practice,  and  admit 
only  of  the  most  faithful  workmantihip. 
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433.  Protection  of  Channels  for  Domestic  Water 
Snpplies. — The  observations,  sound  reasonings,  and  good 
judgments  that  influence  municipalities  to  seek  and  secure 
the  most  wholesome  and  coolest  waters  for  their  domestic 
uses,  compel  them  also  to  guard  the  purity  and  maintain 
the  equable  temperature  of  the  waters  as  they  flow  to  the 
point  of  distribution. 

The  larger  cities,  with  few  exceptions,  must  lead  their 
waters  in  artificial  conduits,  from  sources  in  distant  hills, 
where  neither  the  soils  nor  atmosphere  are  tainted  by 
decompositions  such  as  are  always  in  progress  in  the  midst 
of  large  concourses  of  human  beings  and  animals. 

Such  long  water-courses  ought  to  be  paved  or  revetted, 
or  tlieir  cuixents  will  be  impregnated  with  the  minerals 
over  which  thoy  flow,  and  will  cut  away  their  banks  wiiere 
the  channels  wind  out  and  in  among  the  hills.  An  arch  of 
masonry  spanning  from  wall  to  wall  is  then  the  most  sure 
protection  from  inflowing  drainage,  the  approach  of  cattle 
and  vermin,  the  heating  action  of  the  summer  sun,  and  the 
gn>wth  of  aquatic  plants  in  too  luxuriant  abundance. 

433.  Examples  of  Conduits. — When  proper  grades 
are  attainable  to  permit  the  waters  to  flow  with  free  sur- 
faces, such  conduits,  requiring  more  than  six  or  eight  square 
feet  sectional  area  are  usually,  and  most  economically,  con- 
structed of  hydraulic  masonry. 
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Figures  83  to  89  illustrate  some  of  the  forms  adopted  in 
American  masonry  conduits. 

Pig.  87  is  a  section  of  the  Croton  conduit,  at  a  point 
where  it  is  raised  upon  embankment.  This  conduit  is  7-5" 
wide  and  8'^i"  high,  and  conveys  from  Croton  River  to  the 
distributing  reservoir  in  Central  Park,  New  York  city, 
about  one  hundred  million  gallons  of  water  daily.  The 
combined  length  of  conduit  and  of  siphons  between  Croton 
Bam  and  Central  Park  is  about  thirty-eight  miles,  and  they 
were  completed  in  1842. 

Fig.  88  is  a  8t»ction  of  the  Washington  conduit,  which  is 
circular,  of  9  feet  intornal  diameter.  This  leads  water  from 
a  pijint  in  the  Potomac  River  about  sixt^^en  miles  from  the 
capital,  to  a  distributing  reservoir  in  Georgetown,  from 
whence  the  water  is  led  to  the  Government  bidldings  and 
grounds,  and  tliroughout  the  City  of  Washington,  in  iron 
pipes.     Tliis  conduit  was  constructed  in  1859. 

Fig.  84  is  a  section  of  the  Brooklyn,  L.  L,  conduit  lead- 
ing the  waters  of  Jamaica  and  other  ponds  to  the  basin  ad- 
joining the  well  of  the  Ridgewood  pumping-engines.  This 
conduit  increases  in  dimensions  at  points  where  its  volume 
of  flow  is  augmented  from  8-2"  wide  to  lO'-O"  wide,  and  to 
a  maximum  lieight  of  8-8".     It  was  constructed!  in  1869. 

Fig.  86  is  a  Si^tion  of  the  Charlestown,  Mass.,  conduit, 
leading  tlie  water  of  Mystic  Lake  to  the  well  of  the  Mystic 
pumping-station.  This  conduit  is  5-0"  wide  and  6'-S"  high, 
and  was  constructed  in  18C4. 

Fig.  85  is  a  section  of  the  Lowell,  Mass.,  conduit,  of 
4-3"  diameter.  This  leads  wattT  from  a  subterranean 
infiltration  gallery  along  the  margin  of  the  Merrimack 
River,  a  short  distance  above  Lowell,  a  portion  of  the  dis- 
tance to  the  pumping-station.    It  was  constructed  in  1872. 

Fig.  89  is  a  section  of  the  second  Chicago  tunnel,  extend- 
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iBg  under  Lake  Michigan  two  miles  from  the  shore  to  the 
lake  crib,  and  underneath  the  city  to  the  side  opposite  to 
the  shore  of  the  lake.  It  is  7-0"  wide  and  7-2"  high  in  the 
clear.  The  masonry  of  this  tunnel  consists  of  three  rings  of 
brickwork,  the  t\\'o  inner  of  which  have  the  sides  of  their 
bricks  in  radial  lines,  and  the  outer  having  its  sides  of 
brick  at  right  angles  to  radial  lines.  This  tunnel  was  com- 
pleted in  1874. 

Fig.  83  is  a  section  of  the  Boston  conduit,  commenced  in' 
1875,  to  lead  an  additional  su})])ly  from  Sudbury  River  to 
the  Chestnut  Hill  resen'oir.  Its  length  is  sixteen  and  one- 
half  miles,  its  \vidth  9'-0",  and  height  7-8". 

The  new  Baltimore  conduit,  as  in  progress  in  1876,  is  to 
be  36,495  feet  in  length,  entirely  in  tunnel,  extending  from 
Gunpowder  River  to  the  receiving  reservoir.  The  portions 
lined  with  masonry  are  circular  in  section,  of  12  feet  clear 
diameter.  The  inclination  is  1  in  5000,  and  the  anticipated 
capacity  about  170,000,000  gallons  per  24  hours. 

The  Cochituate  conduit  of  the  Boston  water  supp]}-  is 
5  feet  wide,  6-4  high,  of  oviform  section,  and  has  an  inrli- 
nation  of  3i  inches  to  tlie  mDe.  Its  capacity  is  16,500,000 
gallons  per  24  hours. 

434.  Foundat  iniiH  of  Coiiilnits. — The  foundations  of 
masonrj'  conduits  must  be  positively  rigid,  since  the  su]»er- 
structures  are  ]iractically  inelastic,  and  any  movement  is 
certain  to  produce  rupture.  A  crack  below  tlie  water-line 
admits  water  into  the  foundation,  and  tends  to  soften  or 
undermine  the  foundation,  and  t<:>  further  settlement,  and 
to  additional  leakage.  So  long  as  the  foundation  yields, 
the  conduit  cannot  be  maintained  water-tight,  for  the  set- 
tling away  of  the  support  at  any  point  results  in  an  undue 
transverse  strain  upon  the  shell,  and  the  adhesion  of  the 
mortar  to  the  masonry  is  overcome  and  the  work  cracks. 
28 
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435.  Conduit  Shells.  —  A  perfect  shell  sboxild  hav< 
considerable  tensile  strength  in  the  direction  of  its  circum- 
ference ;  but  when  a  longitudinal   crack  is  produced  its 
tensile  strength  is  destroyed  at  that  point,  and  cannot  again 
be  fully  restored  except  by  rebuilding. 

When  the  side  walls  are  of  rabble  masonry  they  are 
usually  lined  witli  a  course  of  brick-work  laid  in  mortar,  or 
with  a  smooth  coat  of  hydraulic  cement  mortar.  The  bot- 
toms are  frequently  lined  with  a  nearly  flat  invert  arch  of 
brick. 

All  the  materials  and  workmanship  entering  into  this 
class  of  ati'uctures  should  be  of  superior  quality. 

4Jt6.  Ventilation  of  Conduits.— Conduits  of  form  and 
construction  similar  to  those  above  illustrated  are  usually 
proportioned  so  that  they  are  capable  of  delivering  the  max- 
imum volume  of  water  nH|nired  when  flowing  about  two- 
thirds  fall.  Provision  is  then  made  for  the  free  circulation 
of  a  stratum  of  air  over  the  water  surface  and  beneath  the 
covering  arch. 
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Figs.  90  and  91  illustrate  the  form  of  ventilating  shaft 
and  cover  used  upon  the  New  Bedford,  Mass.,  conduit. 
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T]iese  shafts  may  be  used  also  for  man-hole  shafts,  which 
are  required  at  frequent  intervals  for  inspection  and  care  of 
the  conduit 
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437.  C?ouduitH  under  PreHsiire-— Pig.  02  illustratea  a 
conduit  of  locked  bricks,  designed  by  the  writer  to  convey 
water  under  pressure.  The  specially  moulded  bricks  are 
eight  inches  long  and  eight  inches  wide  and  two  and  one- 
half  inches  thick.  They  have  upon  one  side  a  mortise  six 
inches  long,  four  and  one-quarter  inches  wide,  and  one-lialf 
incli  deep,  and  upon  the  opposite  side  two  tenons,  each 
matching  in  form  a  lialf  mortise.    When  the  bricks  are  laid 
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in  the  shell  the  tenons  at  the  adjoining  ends  of  two  hricks 
fiJl  the  mortise  in  the  brick  over  which  the  joint  hreaks. 

In  brick  conduits  as  usually  constructed  the  bricks  have 
their  greateet  lengtli  in  a  hmgitudiual  dirwtion,  but  here  the 
lengtli  13  in  circumferential  direction.  The  object  here  is  to 
utilize  to  the  fullest  e.\t4^'nt  the  tensile  bonding  strength  of 
the  masonrj,  and  then  to  reinforce  this  strength  by  inter- 
locking the  bricks  tliemselves.  The  conduit  cannot  be  rup- 
tured by  pressure  of  water  without  shearing  off  numerous 
tenons  in  addition  to  overcoming  the  cohesive  strength  of 
the  masoniy. 

This  system  pennits  of  vertical  undulations  in  the  grade 
of  the  conduit  within  moderate  limits,  and  reduces  mate- 
rially tlie  amount  of  lift  of  the  conduit  required  upon  em- 
bankments. 

Upon  long  conduits  it  permits  the  insertion  of  stop-gates 
and  the  examination  and  n»pair  of  any  one  section  while 
the  other  sections  remain  full  of  water.  Also  when  of 
a  given  sectional  area  and  flowing  full,  and  delivering 
to  a  pump-well  or  directly  into  distribution-pipes  a  given 
volume  of  water,  it  transfers  more  of  the  pressure  due 
to  the  head  than  the  usual  form  of  construction  of  like 
sectional  area,  and  thus  reduces  the  lift  of  the  piunp  or 
increas<_*s  the  head  u]>on  t!ie  distribution.  This  is  mon? 
esp)ecially  the  case  when  the  consumption  is  less  than  the 
tnaximum.  ' 

4:i8.  Protection  from  Frost.— The  masonry  of  con- 
duits must  be  fully  protected  from  frosts  or  its  cement 
Hioilar  will  be  seriously  disintegratinl  by  Uie  freezing  and 
ex]>ansion  of  tlie  water  filling  its  pores.  The  frost  coverings 
are  usually  earthen  embankments,  of  height  above  the  top 
of  the  masonry  equal  to  the  greatest  depth  to  which  frost 
penetrates  in  the  given  locality.    The  level  breadth  of  the 
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top  of  the  eiubankraent  should  equal  the  breadth  of  the 
conduit,  and  the  side  slopes  be  not  less  than  IJ  to  1. 

439.   Manoury  to  be   Self-sustiiiiimg.— When  the 

conduit  is  in  part  or  wholly  above  ground  suriace,  its  ma- 
mnry  should  be  self-sustaining  under  the  maximum  pres- 
Bure,  independent  of  any  support  that  may  be  exi>ected 
from  the  embanked  earth.  The  winds  of  winter  generally 
clear  the  embankments  very  effectually  of  their  snow  corer- 
inga,  and  leave  them  exposed  to  the  most  intense  action 
of  frost. 

In  periods  of  most  excessive  cold  weather  the  entire  em- 
bankment may  be  frozen  into  a  solid  arch,  and  by  expan- 
sion rise  appreciably  ch*ar  of  the  masonry,  and  possibly 
exert  some  adhesive  pull  upon  the  hances  of  the  arcli.  If 
the  conduit  is  tlien  under  full  pressure,  and  not  wholly 
indejiendent  of  earth  support,  a  change  of  form,  and  rup- 
ture of  the  arch  may  result. 

Each  quadrant  of  the  covering  arch,  above  its  springing 
line,  exerts  a  liorizontal  thrust  at  the  springing  line  as  indi- 
cated in  Pig.  92  by  the  shorter  arrow,  and  the  water  pres- 
sure exerts  an  additional  horizontal  thrust,  as  indicated  by 
the  lower  arrow  in  Fig.  92.  When  the  conduit  is  just  even 
full,  the  point  of  mean  intensity  of  this  latter  pressuie  is  at 
one-third  the  height  from  the  bottom  of  the  conduit. 

The  amount  of  horizontal  pressure  upon  each  side  in 
each  unit  of  length  is  equal  to  the  vertical  projection  of  the  M 
submerged  portion  of  that  side,  per  unit  of  length  into 
tlie  vertical  depth  from  free  water  surface,  of  the  centre  of 
gravity  of  the  submerged  surface,  into  the  weight  of  one 
cubic  foot  of  water ;  the  depths  being  in  feet,  and  weight 
and  pressure  in  pounds. 

Tlie  product  of  weiglit  of  backing  masonry  at  any  given 
depth  below  the  crown  of  the  arch  into  its  coefficient  of 
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MctioiL,  should  be  greater  than  the  sum  of  thrusts  at  that 
depth,  and  for  a  safe  margin  to  insure*  fictional  stability 
should  be  eqnal  to  doable  the  sum  of  thrasts. 

The  backing  masour>'  is  liable  to  receive  Home  poll  from 

the  embankment,  if  one 
side  of  the  embankment 
settles  or  slides,  but  if  the 
foundations  of  the  sides  of 
the  embankments  are  rea- 
sonably firm,  the  earth  at 
the  sides  of  the  backings 
may  be  assumed  callable 
of  neutralizing  the  thrustfi 
due  to  the  weight  of  cover- 
ing earth  upon  tiie  hances 
of  the  arch. 

440.  A  Concrete  Conduit.— The  use  of  hydraulic 
concrete,  or  hetoTiy  is  at  present  being  more  generally  intro- 
duced into  American  hydraulic  constructions,  in  tliose 
localities  where  good  quarried  stonos  are  not  readily  and 
cheaply  accessible,  than  has  been  practiced  in  years  past 

Fig.  93  is  introduced  here  as  a  matter  of  especial  interest, 
since  it  illustrates  the  form  of  a  conduit  constructed  entirely 
of  betOD,  in  the  new  Vaiine  water  supply  for  the  city  of 
Paris.    This  conduit  is  two  meters  (,6.56  feet)  in  diameter. 

The  heton  agglomere  of  this  conduit  is  a  yery  superior 
quality  of  hydraulic  concrete,  which  has  resulted  from  the 
experiments  and  researches  of  M.  Francois  Coignet,  of  Paris. 
Gen.  Q.  A.  Gillmon*  has  described*  in  Professional 
Papers,  Corps  of  Engineers,  U.  S.  Arm}',  No,  19,  the  mate- 
rials, compositions,  manipulations,  and  properties  of  this 
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beton  in  a  masterly  manner,  and  has  given  several  plates 
illustrating  some  of  the  magnificent  monolithic  aqueducts 
of  concrete,  spanning  valleys  and  quicksands,  in  the  great 
forest  of  Pontainebleau,  on  the  line  of  the  Vanne  conduit, 
between  La  Vanne  River  and  the  city  of  Paris, 

44L  Example  of  Conduit  under  Heu\'y  Pros8iu'e. 
— The  details  of  the  Penstock,  leading  water  from  the  canal 
above  referred  to  (§  382),  to  the  Manchester,  N.  H.,  turbines 
and  pumps,  are  shown  in  Fig.  94. 

This  i>eiistock  is  six  hundred  feet  long,  and  six  feet  clear 
internal  diameter.  Its  axis  at  tlie  upper  end  is  under 
twelve  feet  head  of  water,  and  at  the  lower  end  under  thirty- 
eight  feet  head  of  water.  It  was  constructed,  in  place,  in  a 
trench  averaging  tliirteen  feet  deep.  The  staves,  whicli  are 
of  southern  i>itch-pine,  4  inches  thick,  wei-e  machine-dressed 
to  radial  lines,  and  laid  so  that  each  stave  breaks  joint  at  its 
end  at  a  distance  from  the  ends  of  the  adjoining  staves,  after 
the  usual  manner  of  laying  long  tlooi-s.  The  end- joints 
where  each  two  staves  abut  are  closed  by  a  plate  (.»f  flat 
ii*on,  one  inch  wide,  let  into  saw-kerfs  cut  iu  the  ends  of  the 
staves  at  right  angles  to  radius.  Thus  a  continuous  cylin- 
der is  formed,  except  at  the  two  points  where  changes  of 
grade  occur.  The  hoops  ait*  of  2J  x  ^-incli  roih*d  iron,  ea^h 
made  in  two  sections  witli  clamping*  holts,  and  they  are 
placed  at  average  distances  of  eighteen  inches  between 
centres. 

Its  capacity  of  delivery  is  sixty-five  n[iillion  gallons  in 
twenty-four  hours,  with  velocity  of  fiow  not  exceeding  four 
feet  per  second.*  It  was  completed  in  the  spring  of  1874, 
and  has  since  been  in  successful  use,  requiring  no  repairs. 
It  lies  in  a  ground  naturally  moist,  and  suffloientiy  satu- 

*  This  penstock  ia  more  fnlly  described  in  «  paper  read  before  the  Ameri- 
can Society  of  CivU  Engineers  in  January.  1877.     Vid<  Tnuis.,  Uarcb.  1877. 
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rated  to  fidJy  protect  the  wood-work  from  the  atmospheric 
gases. 

The  city  of  Toronto,  Canada,  has  just  completed  a  con- 
duit of  wood,  which  conveys  water  under  pressure  from  the 
filU^ring  gallery  on  an  island  in  Lake  Ontiirio,  opjwsite  to 
the  city,  about  7.0(30  feet,  to  the  pumping-station  on  the 
main  land.     The  internal  diameter  of  tliis  conduit  is  4  feet. 

44*4.  Mean  Radii  «f  Conduits. — In  the  formula  of 
flow  for  open  canals  {§  323),  the  influence  of  the  air  pe- 
rimeter is  taken  into  consideration  in  establisliing  the  value 


of  tlie  hydraulic  mean  depths  r  = 


fcw^ctional  area,  >J? 


,  and  a 


contour,  C 

fi-actional  portion  of  the  air  perimeter,  equal  to  its  propor- 
tirmal  resistance,  is  luldod  to  the  solid  wet  iierimeter. 

It  is  more  especially  necessary  that  the  resistance  of  the 
air  perimeter  be  recognized  in  conduits  partially  full.  As 
tlie  depth  of  water  increases  above  half-depth,  tlie  influence 
of  the  confined  air  section  is,  apparently,  invera*4y  as  the 
mean  hydratilic  radius  of  the  stream. 

If  we  compute,  for  eii-cular  conduits,  values  of  r,  as  equal 

to  — 7 — V , -. — T — ,  we  have  at  o  depth,  T~Od\  at  one- 
wet  solid  perimeter  ^ 

fourtli  d*^pth,  T  —  .14734<Z ;  at  one-lialf  depth,  r  =  .25d\  at 

three-fourths  depth,  r  =  .30133rf ;  and  at  full  depth,  r  =  ,25d. 

This  series  gives  a  maximum  value  of  r  at  about  eight-tenths 

depth  and  a  deci-ease  in  its  value  from  thence  to  full, 

The  relative  discharging  powers,  in  volume,  of  a  circxdar 

conduit,  with  different  depths  of  wat-er,  are  as  the  product 

^  V""'  '^^^^  ^  IS  the  sectional  area  of  the  stream  ;  r,  the 

mean  hydraulic  radius ;  and  w,  a  coefficient. 

If  for  a  given  series  of  depths,  in  the  same  conduit,  we 
compute  its  series  of  volumes  of  discharge,  neglecting  the 
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intluence  of  the  air  perimeter,  we  arrive  at  tlie  paradoxical 
result  that  when  the  depth  is  eighty-eight  liundredths  of 
fiill  the  volume  flowing  is  ten  per  cent.  great*:*r  than  wlien 
the  conduit  is  full.  This  theoretical  result  has  misled  sev- 
eral hydraulicians  who  have  written  upon  the  subject. 

With  a  tnie  value  of  r,  the  discharge  has  some  ratio  of 
increase  so  long  as  sectional  area  of  column  of  water  in  a 
circular  conduit  increases ;  but  the  maximum  capacity  of 
discharge  of  a  conduit  is  veiy  nearly  reached  when  it  is 
seven-eighths  full, 

TABLE    No.    90. 
Hydraulic  Mean  Radii  for  Circular  Conduits,  Part  Full* 

{Exprtsstd  in  decimal  parts  of  iht  diameter^ 

Ratio  or  Fi^u.  Dnmt. 
o    I    .1    I    .>   I    .as   I    .3   I    .4   I    .5  I    .55   !.«   I    -^S   I   -7    I    -75   I    •«    I   -85  I  ^73  I    -9    I  M  I  FuU. 

Hydraulic  Mean  Radii,  in  Ratio  op  Diambtvb. 
o  I  ja^\  .iio|  .13^!  .157I  .aool  -335  I  -ajo!  -aCal  -a?'!  -VS-l-a?*!  -3771  ■»73l  ■•7o|  -afisl  -atol  .950 

443.  Fomuilas  of  Flow,  for  Coiiduits,— Rankine's 

formula*  for  loss  of  head  in  an  open  conduit  is, 


(1) 


from  which,  by  transposition,  we  have  the  equation  of 
velocity', 


_  <?y>5>IJ  _  V^mVi 


"X  wis  ~ 


\  m   ) 


(2) 


For  value  of  the  coefficient  m  he  adopts  Weisbach's  for- 
mula, viz. : 

r.^.       .00023 
m  =  .0074  +  • 


*  CUvU  EngiQeering,  p.  078.     Loodon,  1872. 
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This  formula  for  m,  gives  a  constant  value  to  to,  while  r 
remams  constant,  even  though  r  varies.  Experiment  shows 
that  the  variable  r  exerts  a  veiy  appreciable  influence  upon 
the  value  of  the  coeflicient  ?»,  when 


m,  = 


2^ 


It 


unfortunate  tliat  data  for  the  construction  of  a  table 
of  m  for  conduits,  not  under  pressuxej  is  so  scanty.  Tlieir 
values  for  brick  conduits,  or  brick  linings  for  a  given  series 
of  7*,  evidealy  lie  somewhere  betwei?n  tlie  values  of  m  for 
smooth  pipes  under  pressure,  and  the  values  of  fit  for 
straight  ojjen  channels  in  earth. 

The  following  column  of  values  for  the  given  series  of  r 
are  suggested  merely  as  aji^troximate  mean  values  for 
smooth  conduits  three-quarters  full,  and  are  placed  between 
colunms  of  values  of  ni  for  smooth  pi]>es  under  pressure, 
and  for  straight  open  channels  in  earth  for  convenience  of 
ready  comparison. 

They  are  applicable  to  the  formulas,  for  conduits : 


r^ 


%  — 


ml 

T 

^9 

mif 

2gr 


in  which 

B  =  velocity  of  flow,  in  feet  per  second. 
T  =  hydraulic  mean  radius. 
i  =  sine  of  inclination  of  water  surface. 
h"  =  vertical  head  lost  in  given  length,  in  feet 
I  =  given  length,  in  feet 
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TABLE    No.    90a. 
Coefficients  for  Smooth  CoNDtnrs,  Three-Quarters  Full. 

(For  a  /man  veiocity  of  about  a.  5  feet  per  second.) 


Coefficient  m  for 

HydnuUcniMui  radii 
rinfoet. 

Coefficient  m  for 

smooth  pipes,  under 

pressure. 

smooth  conduits. 

CoelScieat  m  for  open 
channels  in  earth. 

I 

.00380 

.0100 

.0298 

.      1.25 

.00342 

.0084 

.0260 

1.50 

.00325 

.0071 

.0234 

1-75 

.00300 

.0063 

.0212 

2 

.00281 

■0057 

.0197 

2.25 

.0027 

.0053 

.0183 

2.50 

.0026 

.0050 

.0172 

2-75 

.0048 

.0161 

3 

.0046 

•0153 

325 

.0045 

.0145 

3-50 

.0044 

.0138 

3-75 

.0042 

.0132 

4 

.0040 

.0127 

A  mean  velocity  of  flow  of  about  two  and  one-half  feet 
per  second  is  nsually  preferred  in  smooth  conduits  and 
supply  mains,  when  local  circumstances  permit  the  inclina- 
tion and  sectional  area  to  be  adapted  to  tills  end.  Less 
velocities,  in  conduits  of  three  feet  or  more  diameter,  per- 
mits the  waters  to  deposit  the  sediments  they  have  in  sus- 
pension. 

444.  Table  of  Conduit  Data.— The  following  table 
gives  such  data  as  is  at  present  obtainable  respecting  some 
of  the  well-known  conduits  of  masonry : 


CONDUIT  DATA. 
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T  A  BLE    No.    91. 
Conduit  Data. 


LfOCALITV. 


/W£ 


Coctiituate.  Boston ,.  5 

Croton.,  Ntw  York 

IVA^ihmRton  Aa.,  DX.  .* 

Brooltlyn,   I.,  r 

SudbtiTy^  Boston. » 

Bftjtjaiorc,- ***<.... 

LoL'b  KoLtriQe,  GIa^ciw^ 
Ciml  t>r  Isabel  llTMadrid 

A'ienna 

A'uDiiti,  Puis.  , 

DhuiK.      ''    

Pont  du  Gard,  Nimes. . . 
PoDt  PylAit  Lyons  — ... 

Mctz 

Armell , 

Koquencourt.  VcraKilles. 
Ca9«n$,  Naples.  ,p.»,^«, 
Mnqtpe'lli'cr 


9 


5.667 
6.6 

1.S33 
3.167 


Ftet 

S.4sd 

I 


n 
^ 


Fett. 


333  » 

DD     3 

3 


3013 
a. 167 


417 

S735 
5*4" 


5953 


..    |, 


V 

(. 

per 

sec. 

Feet, 

I  0 

.oooat 

3.218 

00015 

1.893 

.OOOl 

.... 

0003 

.... 

0001578 

i.7'»6 

000435 

.... 

0001 

0001 

ooto6 
001 

3 
a.  ^3 

0004 

.... 

0003 

... 

0003 

•:;?! 

0003 

D«Uy  de- 
livery at 


^ 


capacity. 


i<S098«9SO|  16,500,000 
59i34o.a43i  100,000,000 
00S05  !27,559»3*4l»«»«»iOOO 
....      I  70,ooo^x» 
....       I  70.000,000 
....       1170,000,000 
60,000,000!  6aooo,ooo 
....      I  53,000,000 


33,500,000 
5,500,000 
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445.  Static  Pressures  in  Pipes.— Passing  (xom  the 
consideration  of  masonry  conduits  to  that  of  pijx^  with 
tough  metal  shells,  the  pressure  strains  and  the  cai)abilities 
of  resistance  of  the  pipe  metals  to  these  strains,  first  de- 
mands our  attention. 

The  theoretical  relations  of  thickness  to  pressure  are  so 

simple  that  we  may  easily  adapt  any  tough  metal  pipp  to 

withstand  any  practical  static  head  pressui-e,  however  great. 

By  the  term  static  pressure,  wo  indicate  the  fiill  pressure 

due  to  the  liead  of  water,  while  standing  at  rest. 

The  unit  of  pressure  area  is  commonly  taken  as  one 
square  iiicli^  and  this  is  the  area  used 
herein  for  the  unit 

The  pressure  p  upon  the  unit  of 
area  ^i  of  a  conduit  or  water-pipe,  is 
cqiuil  to  the  prodnct  of  the  given  area 
into  the  vertical  height  h  of  the  surface 
of  water  above  the  centre  of  gravity  of 
the  given  area,  into  the  weight  w  of 
one  cubic  foot  of  water  (=  62.6  lbs.) 
divided  by  144. 


Fto.  »5. 


P  = 


ff|  X  //■  X  w 

144 


.434A. 


(1) 


Let  aheef,  Pig.  96,  be  the  internal  circumference  of  a 
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wator-pipe,  of  diameter  rf,  in  inches ;  then  the  total  prcHsiire 
I*  of  water  upon  the  cuxuinference  is 


P  =  3.1416«Z  X  .434^ 


(3) 


I 
I 


The  raasimnm  pressure  acts  upon  each  point  of  the  cir- 
cumference radially  outward,  teuding  to  tear  the  ahell 
asunder. 

The  resultant  of  the  maximum  pn^-ssure  upon  any  given 
|)ortion  of  the  circumference  ab^  acts  in  a  radial  direction 
ox,  through  the  centre  of  gra\ity  of  the  surface  ah,  and  ia 
equal  to  the  product  of  pressui-e  into  the  projection  or  trace 
of  the  surface  y ,  at  right-angles  to  radius, 

=  I  (area  ij)  y-  p\. 

Also  the  resultant  of  tlie  maximum  pressure  upon  the 

semi-circumference  chqf  is  equal  to  the  product  of  pressure 

into  its  trace  gk^  at  right-angles  to  the  radial  line  cutting  its 

centre  of  gravity, 

=  I  (area  ^*)  x  p\. 

The  trace  of  the  semi-circumference  is  also  equal  to  the 
diameter  f/,  and  its  resultant  equals  the  product  dj). 

Opposed  to  the  resultant  ox  is  an  equal  resultant  of  the 
pressure  upon  the  semi-circumference/^c. 

These  two  resultants  exert  their  maximum  tensile  strain 
upon  the  pipe- shell  at  the  points  c  and/. 

44G.  Thickness  of  Shell  resisting;  Stiitic  Pressure. 
— Let  8  be  the  cohesive  strength  or  ultimate  tenacity  per 
sq.  iu.  of  the  metal  of  tlie  shell,  and  t  be  the  thickness  cc^  and 
ffx  in  inches  of  the  shell,  then  we  have  for  equation  of  resist- 
ance of  shell  that  will  ^*t^.5^  halafice  the  steady  static  pressure, 

2tS=dp.  (3) 

from  which  we  deduce  the  required  thickness  of  shell : 
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—  ^ 

~2S 


rp 


W 


in  wliich  r  equals  radius  in  inches,  =  ^• 

» 

It  is  not  enough  that  the  shell  he  able  to  just  sustain  the 
steady  static  pressure,  since  this  pressure  may  be  increased 
by  ^^  water'tamsy^^  incident  to  oi-dinary  or  extraordinary 
use  of  tlie  pipe,  or  the  metal  may  have  unseen  weaknesses, 
or  deteriorate  by  use. 

The  thickness  t  should  therefore  be  multiplied  by  a 
coefficient,  for  safety,  equal  to  4,  6,  8,  or  10  ;  or  the  pressure 
be  assumed  to  be  increased  4,  6,  8,  or  10  times,  or  the 
tenacity  of  the  metal  be  taken  at  .1,  .2,  .3,  or  .4  of  its  test 
value ;  in  which  case  the  equation  of  t  may  take  the  form, 


.      \Opr  -      pr 

t  =  ^,        or       t  =  ^ 


(6) 


The  pressure  due  to  a  given  head  H  of  water  is  greater 
within  a  pipe  when  the  water  is  at  rest,  than  when  the  cur- 
rent is  tiowing  through  the  pipe  at  a  steady  rate,  for  when 
the  current  is  movingj  a  portion  of  the  force  of  gravity  is 
consiuned  in  producing  tliat  motion,  and  in  balancing  fric- 
tions ;  hence  the  effective  head  IIx  remaining  at  a  given 
point  is  less  than  the  static  head  by  an  amount  equal  to  the 

sum  of  t])e  head  to  which  the  velocity  is  due  {—h  =  ~\'* 

and  the  head  overcoming  the  frictional  resistances  between 
the  reservoir  and  the  given  point  in  the  length  of  the  pipe 

ff,  =  ff-(h-\-  h").      {Vide  §  265.) 

When  a  pipe  has  a  stop- valve  at  its  outflow,  or  in  its 
line,  the  pressure  p^  used  in  its  formula  of  thickness  tj  for 


WATKK-ItAM. 
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any  point  above  the  valve,  should  be  the  static  presssuxe  of 
the  water  at  rest. 

447.  Wat-er-ram. — If  any  valve  in  a  line  or  system  of 
water-pipes  can  be  suddenly  closed  while  the  water  is  flow- 
ing freely  under  pn?s8ure,  such  sudden  closing  of  the  valve 
will  produce  a  strain  upon  the  pipes  far  greater  than  that 
due  to  the  static  head  of  water. 

For  illustration,  let  any  delivery-pipe,  liaving  a  stop- 
valve  at  its  outflow  end,  be  1  ft.  diameter  =  cfi ,  and  6280  ft. 
long  =  Z,  and  the  current  of  water  tilling  it  be  flowing  at  a 
uniform  rate  v  of  6  feet  per  second.  Tlien  the  momentum 
Jfof  this  column  of  water,  due  to  \t&  weight  and  velocity,  is 


M=  .7864<?i»  xwxlx^ 

=  .7864  X  62.6  x  6280  x  .3882 
=  100,614.45  lbs. 


(«) 


If  the  valve  is  closed  and  the  flow  checked  instantaneous- 
ly, this  great  force  will  act  upon  the  valve  and  upon  the 
shell  of  the  pipe.  If  the  given  length  of  column  of  water  in 
motion  is  doubh:td  or  quadrupled,  the  force  of  the  ram  will 
be  doubled  or  quadrupled.  If  the  valve  is  one  second  or 
one  minute  in  closing,  then  the  force  will  be  distributed 
through  one  second  or  one  minute  in  time,  and  its  intensity 
will  be  corresix)ndingly  nnluced.  Also,  if  there  are  any 
accumulations  of  air  in  the  pip*^  at  summits,  they  will  help 
to  prolong  the  time  of  action  and  to  modify  the  force  be- 
hind them. 

No  system  of  distribution-pipes  should  be  fitted  witli 
stop-valves  of  instantaneous  action,  lest  the  pipes  be  con- 
stantly in  danger  of  destruction  by  ^' water  ramsy 

Genieys  made  allowance,  in  the  old  water-pipes  of  Paris, 
for  water-rams,  of  force  equal  to  static  heads  of  600  feet, 
29 
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bat  lie  used  on  his  smaller  mains  pltig-valves  that  might  be 
verj-  rapidly  closed. 

With  proper  stop  and  hydrant  valves,  it  is  not  probable 
tliat  the  moniciitum  stmin  will  exceed  tliat  due  to  a  steady 
static  head  of  2i)0  or  225  feet,  but  it  is  liable  to  be  great  in 
pipes  under  low  static  heads  as  well  as  in  pipes  under  great 
heads,  and  it  is  in  either  case  in  addition  to  the  static  head. 
The  momentum  strain  must  be  fully  allowed  for,  whether 
the  head  be  ten  feet  or  tlui^e  hundred  feet 

448.  Foniuiliw  of  Tblekiioss  fur  Ductile  Pipes, — 
Ordinarily,  for  ductile  pii)es,  such  as  load,  brass,  weld<'d 
iron,  etc,  an  allowance  of  from  200  to  300  feet  head  is  made 
for  the  momentum  strain,  and  the  tenacity  of  the  material 
is  taken  at  .25  or  .3  of  its  ultimate  resistance  S^  in  which 
case  the  formula  for  thickness  of  ductile  pipes,  svkb^ect  io 
water-ram,  may  take  the  form, 

_  {h  4-  g30  ft.)  rv>  _  (h  -h  2dO)dv>  _  jh  4-  2S0)dw 
^  ~    (.25  ^T)  X  144    ~  (,hS)  X  144  ~        725')       '        ^ 

in  which  h  is  the  head  of  water,  in  feet 

weight  of  one  cubic  foot  of  water,  in  lbs. 
radius  of  the  pipe,  in  inches, 
diameter  of  the  pipe,  in  inches, 
thickness  of  the  pipe-shell,  in  inches, 
tenacity  of  the  metal,  per  squai'e  inch. 


t  *' 

d  « 
t 

8  " 


a 


a    a 


a 


If  we  substitute  a  term  of  pressure  per  square  inch,  p 
(=  .434A),  for  jj^  in  the  equation  for  thickness  of  dv^ile 
pipes,  it  becomes 

#  —  ( j^  +  ^QQ  pounds)  r  _  (p  +  100)  d  -^^ 

^"         Ms         -      :58     •        w 

if  the  pipes  have  merely  a  steady  static  pressure  to  sub- 
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tain,  then  the  term  +  lOt)  may  be  omitted,  and  the  eqxiation, 
with  factor  of  safety  equal  to  4,  takes  the  simple  fonu, 


^  "  M8  "  ,68' 
or  with  factor  of  safety  equal  to  6, 

pr  pd 


t  = 


.166678  ~  .33333-Sr' 


(9) 


(lo;) 


449.  Strengrths  of  Wrought  Pii>o  Metals.— The  fol- 
lowing values  of  *8^give  the  tenacities  of  the  respective  ma- 
terials named,  in  pounds  per  square  inch  of  section  of 
metalj  when  the  metal  is  of  good  quality  for  pipes : 


TABL  E     No.    G2.. 
Tenacities  of  Wrought  Pipe  Metals. 


1 

Wkicwt 

MR  Cf- 

uc  Ikh. 

COBP, 

6  Or). 

Cow. 

4  Or). 

Co«r. 

Co«F. 

r 

Pmmdt, 

S.  IN  /4». 

.16667^. 

^iS. 

.33133^. 

.*y. 

Ixitil               , 

.41(4 

*.ID46 
.3000 
.3146 

.»eo7 

.»6o7 

30.0QD 

33,000 

40,000 

1566.66 
4666.66 
500D 

5965 

tiso 

■350 

700a 

10000 

1 

795-33 
<533  33 
3«33-33 
9333-33 
10000 
11666.66 
13333  33 

«193 

4700 
14000 
■  Sooe 
17500 
>ooeo 

MInck  tin 

I'tlass                

Copper ... 

Wroughi-iron,  sinele  riveted 

**          "      double    "       

CAST-IRON     PIPES. 

450.  Moulding  of  Pipes. —  The  successful  founding 
of  good  cast-iron  pipes  requires  no  inconsidcnible  amount 
of  skill,  such  as  is  acquired  only  by  long  practical  experi- 
ence, and  keen,  watchful  observation. 

The  loam  and  sand  of  the  moulds  and  cores  must  be 
carefully  selected  for  the  best  characteristics  of  grain,  and 
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proportioned,  combined,  and  moistened,  so  that  the  mix- 
ture shall  be  of  tlie  right  consistency  to  form  smooth  and 
substantial  moulds  and  cores,  and  be  at  the  same  time  suf- 
ficiently porous  to  permit  the  free  exit  of  moisture  and 
8t4?ani  during  the  process  of  drying.  The  moulds  must  be 
tilled  and  rammed  wit!i  a  care  that  insures  their  stability 
during  the  inflow  of  the  molten  metal,  and  must  be  dried 
so  there  will  be  no  further  generation  of  steam  during  the 
inflow ;  and  yet  not  be  overdried  so  as  to  destroy  the  ad- 
hesion among  their  particU*fi,  lest  the  grains  of  sand  be 
detached  and  scattt^red  through  tlie  casting.  The  core  rop- 
ing of  straw  must  be  judiciously  proportioned  in  thickness- 
for  the  respective  diameters  of  their  finished  cores,  and  must 
be  twisted  to  a  firmness  that  will  resist  the  pressure  of  the 
molten  metal,  so  that  the  pipe  will  be  free  from  swells  and 
the  proper  and  unifonu  thickness  of  metal  will  be  secured. 
The  mixture  of  the  metals  and  fuel  in  the  cupola  must 
be  guided  by  that  experience  by  which  is  acquiivd  a  fore- 
knowledge of  the  degree  of  tenacity,  elasticit}',  and  general 
characteristics  of  the  finished  castings.  A  superior  class  of 
pipe  is  produced  only  when  excellent  materials  are  nsed^ 
and  when  superior  workmanship  and  mechanical  appli- 
ances give  to  them  accuracy  of  form  and  excellence  f>f 
texture. 

451.  Casting  of  Pipes- — A  certain  thickness  of  shelly 
of  twelve-foot  pipes,  cast  vertically,  is  requu'ed  for  each 
diameter  of  pipe,  to  insure  a  perfect  filling  of  the  mould 
before  the  metal  chills,  or  cools,  and  also  to  enable  the 
pipes  to  be  safely  handled,  transpoited,  laid,  and  tapj>ed. 

In  the  smaller  pipes  this  tliickness  is  greatt^r  than  tliat 
ordinarily  reqmred  to  sustain  the  static  pressure  of  the 
miter. 

The  necessary  additional  thickness,  beyond  that  re* 
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quired  to  resist  the  water  pressure,  decreases  as  the  diam- 
eter of  the  pipe  increases. 

There  must,  therefore,  be  affixed  to  the  formula  of  thick- 
ness of  cast-iron  pipes,  a  term  expi'essing  the  additional 
thickness  required  to  be  given  to  the  pipes  beyond  that  n.*- 
quin?d  to  resist  the  pressure  of  the  water,  and  tliis  terra 
must  decrease  in  value  as  the  diameter  increases  in  value. 

452.  Formulas  of  Tliif^kiieHH  of  Ca«t-iroii  Pipes. 
— The  ultimate  tenacity  of  good  iron-pipe  castings  ranges 
from  16,0CK)  to  29,(X)0  pounds  jxr  square  inch  of  section  of 
metal.  Their  value  of  Sy  the  symbol  of  tensile  strength 
per  square  inch,  is  usually  taken  at  18,000  pounds,  and  the 
coefficient  of  safety  equal  to  10,  or  the  terra  of  tensile  resist- 
ance is  taken  equal  to  AS,  or  if  an  independent  term  is 
introduced  in  the  formula  for  the  effect  of  water-ram,  the 
coefficient  of  ^S^  may  be  increased  to,  say  .2. 

Assuming  that  the  probable  or  possible  water-ram  will 
not  produce  an  additional  effect  greater  than  that  due  to  a 
static  pressure  of  100  poimds  per  square  inch,  or  head  of 
230  feet,  then  the  formula  for  thickness  of  cast-iron  pipes 
may  take  the  form, 


_  (^  -f  2SQ)rw 
~  {.28)  X  144 


+  .333 


rf_\  ^  (h  -\~  2m)dw 
100/       {.4S)x,  144 


.333 


(•  -  m) ' 


-h 


(") 


in  which  h  is  the  head  of  water,  in  feet 

w     "     weight  of  one  cubic  foot  of  water,  in  lbs. 
r     "     internal  radius  of  the  pipe,  in  inches. 
d     "     internal  diameter  of  the  pipe,  in  inches. 
t     "     thickness  of  the  pipe  shell,  in  inches. 
8     *'     tenacity  of  the  metal,  in  ix>undB  per  sq.  in. 

If  we  substitute  a  term  of  pressure  per  square  inch, 
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p  (=  .434A)  for    —  ,  in  tlie  above  equations  for  thickness 
of  caalriron  pipes,  tliey  become, 


t 


[p  -f  100)r 


+  .333 


A. 

100 


_  (7?  -f-  10Q)d 
.4^ 


.333 


('-4)- 


(12) 


453.  ThlckneftseH  fouiKl  (frapliioally.— Since  with  a 
constant  liead,  pressures  or  assumed  static  strain,  the  in- 
crease of  tensile  strain  upon  the  shell  is  i)roj)ortionaI  with 
the  increase  of  diameter,  and  also  since  the  decrease  of 
additional  thickness  is  proportional  with  the  increase  of 
diameter,  it  is  evident  that  if  we  compute  the  thickness  of  a 
serie-s  of  i)ipes,  say  from  4-inch  to  48-incli  diameters,  for  a 
given  pressure,  by  a  theoretically  correct  formula,  and  then 
plot  to  scale  the  results,  with  diameters  as  abscissas  and 
thicknesses  as  ordinates,  the  extremes  of  all  the  ordinates 
will  lie  in  one  straight  line ;  and  also,  that  if  the  tliicknesses 
for  the  minimum  and  maximum  diamHers  of  the  series  be 
computed  and  phttt^'d  as  oitlinates,  in  the  same  manner, 
and  their  extremities  be  connected  by  a  straight  line,  the 
intennixliate  ordinates,  or  thicknesses  for  given  diameters 
as  abscissas,  will  be  given  to  scale,  Tliis  method  greatly 
facilitates  the  calculation  of  thicknessc^s  of  a  series  of 
"classes*'  of  pipt^s,  and  if  the  ordinates  are  plotted  to  laige 
scale,  gives  a  close  approximation  to  accuracy. 

454.  T.ible  of  ThicknesneM  of  Cast-iron  Pipes.— 
Tlie  following  table  gives  thicknesses  of  good,  tough,  and 
elastic  cast-iron,  with  S—  18,000  lbs.,  for  three  classes  of 
cast-iron  pipes,  covering  the  ordinary  range  of  static  pres- 
sures of  public  water  supplies. 

The  thicknesses  in  the  table  are  based  upon  the  formula, 
(;.-H0Q)d?       333/1        d  \ 

t~       .4S       +'^^l^     Too/ 
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TABLE    No.    98. 
Thicknesses  of  Cast-iron  Pipes. 

(When  S  =  xSooo  Ibt.) 


CLASS    A. 

CLASS    B. 

CLASS   C. 

DlAMBTEK. 

Pressure,  50  lbs.  per 

square  inch,  or  less. 

Head,  xxi  feet. 

Pressure,  too  lbs.  per 

square  inch. 

Head,  ajo  feet. 

Pressure,  130 1 

sqtiareinc 

Head,  300  f 

IS.  per 

Mt. 
ES. 

Thickmessbs. 

Thicknxsszs. 

Thickness 

Inches. 

3 

Inekta. 
.3858 

in. 

Indk4a. 
.4066 

Inckta, 
.4191 

4 

.4033 

H 

■43" 

A 

.4477 

■h 

6 

.4383 

A 

.4S00 

i 

•5050 

\ 

8 

•4734 

i 

.5289 

w 

.5622 

■h 

10 

•5083 

\ 

•5777 

H 

.6194 

* 

12 

•5433 

A 

.6266 

{ 

.6766 

H 

14 

•5783 

H 

•67SS 

« 

.7338 

\ 

i6 

.6166 

1 

.7277 

i 

.7944 

« 

i8 

.6483 

H 

■7733 

H 

.8483 

\k 

20 

.6833 

« 

.8222 

H 

.9055 

*J 

22 

.7183 

M 

.8711 

1 

.9628 

ii 

24 

.7533 

i 

.9200 

\\ 

1.0200 

I 

27 

.8058 

« 

■9933 

I 

I.IO58 

•A 

30   * 

.8583 

1 

1.0666 

lA 

I.I916 

lA 

Zl 

1       .9x08 

1 

« 

1. 1400 

lA 

1.2775 

'A 

36 

.9633 

H 

'■2 133 

lA 

1.3633 

»i 

40 

1.0333 

lA 

I.3III 

lA 

1.4778 

'H 

44 

1.1033 

li 

1.4088 

iH 

1.5921 

iH 

48 

I.I733 

lA 

1.5066 

I* 

1.7066 

iH 

In  the  follovring  table  are  given  the  thicknesses  of  cast- 
iron  pipes,  as  used  by  various  water  departments. 
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TABLE    No.    9Sa, 
Thicknesses  of  Cast-iron  Pipes,  as  Used  in  Several  Cities. 


"5 
aso 


A+ 


i 


Head  Prosaures  for  which  Pip«a  aro  Claesed,  In  faet. 


too 


3lB 


I20 

170 
198 


130  j  125 
170;... 


150 


140 
180 


130     150 

170    300 
300, ... 


60 
14a 
360 


163 


100 


Thiokn«s«es  of  Pipe  Shells,  in  inehae. 


l\ 


u 


tl 


i 

H 
A 
A 

1  + 

H 
H 


if 

H  + 


i 


1+ 


i+ 


i» 


lA 


i 

A 
if 
A 
H 
li 
I 
H 
H 
1* 
II 
11 
z 

«A 

I 


A 

i 

i 
A 

H 

1  + 

U- 
* 


»A 


xi 


H 
t 

I 

H 
I 

ih 
I 

lA 
f 


il 


H 


300  300 


L 


4 

6 

8 

l« 

lio 

12 

t6 

{x6 

30 

,20 

30 
30 
36 
36 
48 


455,  Table  of  EqiiivakMit  Fraetioiml  ExpresHiong, 

— The  following  tables  of  equivalent  expressions  for  fractiona 
of  an  inch  and  of  a  foot,  may  facilitate  pipe  calculations : 
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TABLE     No.    94. 
Parts  of  an   Inch  and  a   Foot,   expressed  Decimally, 


EqumUenC 

Equivalent 

Imckb. 

Dec  pan  of 

an  Inch. 

Dec.  part  of 
afoot. 

■ 

1-32 

.03125 

.002604 

1-16 

.06350 

.005208 

3-33 

.09375 

.007812 

x-6 
5-32 

.12500 
.15625 

.010416 
.010420 

3-i6 

. 18750 

.015625 

Eqalvaleot     n«- 

Bquiv.mcbcs 

7-33 
1-4 

.21875 
.35000 

. 018229 
.020833 

iMCHSa. 

KS? 

and  i»<i  pu., 
ooarly. 

9-33 

.28135 

.023437 

5-16 

.3^250 

,026041 

I 
3 

.0833 
.1667 
.3500 
.3333  1 
.4167  1 
.5000  1 

.5333  ! 

.6667 

-7500 

.8333       1 
.9167 
I. 0000 

3 

11-33 

-34375 

.028645 

J-« 

•37500 

.031250 

1 

l\ 

13-33 

.40625 

.033854 

3 
4 
S 
6 

7 

8 

9 
10 
I  r 

6 

7 

8 

9 
0 

7-16 

•43750 

.036458 

V* 

i5-3a 
1-2 

.46S75 
.50000 

.039062 

.041666 

V 

17-33 

9-16 

19-32 

5-8 

.53135 
.56250 

.59375 
.62500 

.044270 
.046875 
.049479 
.052083 

13 

fli-32 

.65625 

.054607 

1 1 

11-16 

.68750 

.057291 

33-33 
3-4 

.71875 
.75000 

.059895 
.063500 

25-32 

.78125 

.065104 

X3-16 

.81250 

.067708 

27-32 

.84375 

.070312 

7-8 

.87500 

.072916 

39-33 

.90625 

.075530 

15-16 

.93750 

.078125 

ji'3a 

.96875 

.080729 

' 

I. 

.083333 

450.  Cast-Iroii  Pipe  Joiiits.^According  to  Crecy,* 
castriron  pipes  were  first  generally  adopted  in  London  very 
near  the  close  of  the  last  century.  The  great  fire  destroyed 
many  of  the  lead  mains  in  that  city.  These  were  in  part 
replaced  by  wood  pipes,  but  when  water-closets  were  intro- 
duced and  more  pressure  was  demanded,  the  renewals  were 
afterward  wholly  of  iron. 


*  EocjrclopedU  of  OtU  Enginoering,  p.  548.    London,  1865. 
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The  earliest  pipes  had  flanged  joints  with  a  packing  ring 
of  leather,  and  were  Ijolted  together.  Tliese  were  two  and 
one-half  feet  in  length.  Those  first  generally  used  hy  the 
New  River  Company  were  somewhat  longer,  and  were 
sci'ewed  rigidly  together  at  the  joints.  This  prevent«Mi 
their  free  expansion*  and  contraction,  with  varying  temper- 
atures of  water  and  earth,  rendering  them  troublesome  in 
winter,  when  they  were  frequently  ruptured.  Cylindrical 
socket-joints  were  then  substituted.  These  were  accurately 
turned  in  a  lathe,  to  a  slightly  conical  form,  and,  beting 
luted  with  a  little  whiting  and  tallow,  were  dj-iven  together. 

The  length  of  the  pipes  was  subsequently  increased  to 
nine  feet,  and  a  hub  and  spigot-joint  formed,  adapted  first 
to  a  joint  packing  of  deal  wedges,  and  afterward  to  a  pack- 
ing of  lead. 

The  hub  and  spigot-joint,  with  various  slight  modifica- 
tions, has  been  generally  adopted  in  the  British  and  con- 
tinental pipe  systems,  for  both  water  and  gas  pipes ;  but 
the  turned  joint  has  by  no  means  been  entin^ly  superseded 
in  European  i>mctice. 

A  variety  of  the  forms  given  to  the  turned  joint  are  illus- 
trated and  commented  upon  in  a  paperf  recently  read  by 
Mr.  Downie  in  Edinburgh.  The  illustrations  include  turned 
joints  used  in  Glasgow,  Launc4^8ton,  Dundee,  Flyde,  Liver- 
pool, Trieste,  Sydney,  Hobart  Town,  and  Hamilton  (Canada), 
water-works,  and  in  the  Buenos  Ayres  gas-works.  These 
joints  were  also  used  by  Mr.  George  H.  Norman,  the  well- 
known  American  contractor  for  water  and  gas  works,  in 
gas  works  constructed  by  him  in  Cuba. 


*  M.  Oirard  found  that  the  line*]  expmDHion  of  cast-iron  pl|>».  when  fre« 
ftnd  in  the  open  ur  waa  .000036  of  an  Inch  for  each  additional  degree  of  Fah- 
renheit. 

f  Procecdinga  Inst.  E.  S.,  toI.  rH,  p.  10. 
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Tfie  turned  ']o'\nt  has  not  as  yet  been  adopted  in  the 
pipe  systems  in  the  United  States;  but  in  the  new  wat^i-r- 
work  of  Ottiiwa,  Canada,  completinl  iu  1876  under  tlie  direc- 
tion of  Thos.  C.  Keefer,  C.E.,  they  were  very  generally  used. 

TI)e  depths  of  hub  and  of  lead  packing  in  the  early  Eng- 
lish and  Scotch  pipes,  and  in  fact  in  the  first  pipes  used  iiij 
connection  with  the  Fairruount,  Croton,  and  Washington 
aqueducts,  exceeded  greatly  the  depths  at  present  used. 

The  pine-log  water-pipes  of  Philadelphia  had  been  gen-^ 
erally  replaced  by  cast-ii*on  pipe  a  as  early  aa  about  1819. 
The  forms  of  hubs  and  spigots  then  used,  as  designed  by 
Mr.  Gratfe,  Sr.,  were  very  similar  to  those  now  used,  ex- 
cept that  the  hubs  had  somewhat  greater  depth.  The 
lengths  of  the  pipes  were  nine  feet,  and  other  dimensions  as 
in  the  following  table,  from  data  in  the  "Journal  of  the 
Franklin  Institute" : 


Diameter  of  pipe,  in  inches. 

Thickness  of  shell 

Depth  of  hub 


3 

4 

6 

8 

10 

13 

l6 

h 

4 

s 

1 
5 

5 

J^ 

i 

It  is  observed  that  the  set,  by  which  the  lead  is  com- 
pacted in  tlie  joint,  acta  upon  the  lead,  ordinarily  only  to  a 
depth  of  from  one  to  one  and  one-quarter  inches.  The  lead 
beyond  the  action  of  the  set  is  of  but  little  practical  value, 
and  there  is  no  advantage  in  giving  the  hemp  packing  an 
excessive  depth. 

Deep  joints  run  solid  with  lead  often  give  to  the  line  of 
pipes  such  rigidity  that  it  cannot  accommodate  itsr^lf  to  the 
unevenuess  of  its  bearings  and  weight  of  backfilling,  espe- 
cially in  ledge  cuttings,  and  rupture  results. 

AVlien  trenches  are  too  wet  to  admit  of  pouring  the  lead 
successfully,  small,  soft  lead  pipe  may  be  pressed  into  the 
joint  and  faithfully  set  up  with  good  effect. 

457.   DimeuHions  of  Pipe-joints.— Fig.  96  is  a  re- 
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V 


/ 


Via.  96. 


'I        K<-- 


duced  section  of  a  bell  and  spigot  of  a  12-inch  diameter 
pipe.  Dimensions  of  cast-iron  pipe  socket-joints  for  diam- 
eters from  4-incli  to  48-incli,  corresponding  to  the  letters  in 
the  sketch,  are  given  in  tlie  following  table  (No.  95),  and 
like  data  are  given  for  flange-joints  in  the  next  succeeding 
table,  No.  96. 

The  weight  of  flanged  pipes,  per  lineal  foot,  exclusive 
wei^lit  of  flanges,  which  i.s  given  in  Table  No.  96,  maybe' 
computed  by  the  following  formula  {vide  §  461)  : 


w  =  9.817  (d'\-f)t 


(13) 


458.  Templets  for  Bolt  Holes. — A  sheet-metal  tem- 
plet for  marking  centres  of  bolt  holes  on  flanges  should  be 
laid  out  and  pricked  with  the  nicest  accuracy,  and  have  its 
face  side  and  one  hole  conspicuously  marked. 

On  sjiecial  castings  intended  for  fixed  positions  the  tem- 
plet should  be  placed  upon  the  flange  so  that  the  centre  of 
the  marked  hole  shall  fix  the  position  of  one  bolt  hole  ex- 
actly over  the  centre  of  the  bore  of  the  pipe  when  the  pipe 
shall  be  placed  in  position,  then  the  bolt  holes  of  abutting 
flanges  will  match  with  uniformity. 
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TABLE    No.    9B 


Dimensions  of  Cast- 

(Thickness  of  shell  is  herein 


IRON  Water-pipes.     (Fig.  96, 

proportioned  for  loo  lbs.  static  pressure.) 


6 

8 
10 
12 
14 

16 

18 

30 
32 

24 
27 
30 

33 
36 
40 

44 

48. 


12-3  I 
12-3  I 
12-3  I 
12-3 
12-31 

I2-3{ 

12-31 

I2-3i 

I2-3J 
I2-3J 

1 2-3  J 

12-4 
12-4 
I2-4i 
1 2-4  J 

I2-4J 

12-41 

12-41 


1=3 

•s 

^-3  \-B4 

.a>-  .  a.2 

£0  •  oxi 

H      1 Q 

ab  '  bq 

— 

1 

i 

A,  3 


be 


i< 


i      3     I   i\ 


11    3 
il    3 


ed 


dh 


i   ;  31  i   A 

I         i 
ii  31  i  A 
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TABLE    No.    96. 
Flange  Data  of  Flanged  Cast-iron  Pipes. 


Diam. 

of 
bore 

of 
pipe. 

Diameter 
of 

flange. 

Thick- 
ness of 
flange. 

Approx. 
weight     ] 
of  one 
flange.     : 

No.  of 
bolts.* 

Diam. 

of 
bolts. 

Diameter 

of  circle  of 

bolts. 

Distance 

between    1 
centres  of   J 
bolts. 

1 

Com- 
mon 

of  valve 
flanges. 

Imckts. 

Inches. 

tnckti. 

Pounds. 

Incklt. 

Dtcimal 
inches. 

Decimal    { 
inches,      \ 

Imchn, 

3 

6J 

« 

3-4S 

8 

A 

S-6 

2.199  ! 

8 

4 

7i 

i 

6.64 

10 

i 

6.7 

2.105  ' 

9 

6 

10 

fl 

8.56 

10 

A 

8.9 

2.796 

II 

8 

"1 

il 

11.98 

12 

f 

II. I 

2.906 

13 

10 

141 

* 

16.5 

H 

i 

13-3 

2.985  ^ 

16 

12 

17 

\% 

22.3 

14 

4 

^5-5 

3.478  1 

1 

18 

14 

«9i 

I 

28.6 

16 

J 

17-75 

3.485  1 

20 

i6 

2i| 

ItV 

36.8 

18 

i 

20.0 

3-49^ 

22 

i8 

n\ 

«i 

45-5 

20 

J 

22.2 

3.487 

24 

20 

26i 

l/iT 

56.9 

20 

4 

24.4 

3.833  ' 

26I 

22 

28J 

'i 

62.8 

22 

i 

26.5 

3784  1 

28J 

24 

30I 

ll 

65.4 

24 

1 

28.6 

3.744  ' 

3oi 

27 

33l 

lA 

80.8 

26 

1 

3J.8 

3.842   1 

33i 

30 

36i 

'i 

95-9 

28 

i 

35-0 

3.927   1 

36J 

33 

40 

•4 

117 

30 

i 

38.1 

3.990 

40 

36 

43J 

lA 

143 

3^ 

1 

41.6 

4.084 

1     43i 

40 

47f 

'1 

160 

34 

i 

45-75 

4.227 

1     47l 

44 

SiJ 

li 

197 

36 

i 

50.0 

4.363 

i     51J 

48 

56 

i| 

224 

40 

i 

54.1 

4.249 

1     56 

*  The  number  of  bolts  given  in  the  table  may  be  decreased  when  the 
water  pressures  and  transverse  strains  upon  the  bolts  are  light. 
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If  an  even  nuni'ber  of  bolts  are  used,  then  there  will  be 
a  bolt  vertically  over  and  under  the  centix*  of  the  bore  of 
the  pipe. 

If  the  templet  is  not  very  exactly  spaced  the  face  side 
should  be  plactni  against  one  flange  with  the  marked  hole 
at  top,  and  the  back  against  the  other  abutting  flange  with 
same  hole  at  top ;  otherwise  the  bolt  holes  may  not  exactly 
mat(;h. 

459,  Flexible  Pipe- Joint — It  is  sometimes  necessary 
to  take  a  main  or  sub- main  aci-oss  a  broad,  deep  stream  or 


Fio.  97, 


estuary,  or  arm  of  a  lake,  where  it  is  both  difficult  and 
expensive  to  coffer  a  pipe  course  so  as  to  make  the  usual 
form  of  rigid  joint.    Different  forms  of  ball  and  socket 
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flexible  joints  Imve  been  adopted  for  such  cases,  which 
allow  the  pipes  to  be  joined  and  the  joints  completed  above 
the  water  surface,  and  the  pipe  then  to  be  lowered,  into 
its  bed. 

Fig.  97  iUastrates  the  form  of  joint  designed  by  the 
writer  for  a  twenty-four  incli  pipe,  whicli  is  especially 
adapted  to  large-«ize  pijje-jointij.  It  is  a  modification  of  the 
Glasgow  "universal  joint." 

The  difficulty  of  making  tlie  back  part  of  the  lead-pick- 
ing of  the  joint  firm  and  solid,  which  difficulty  has  hen^ 
tofon^  int^Tfercd  with  the  comph^te  success  of  the  larger 
flexible  pi]>es,  is  here  overcome  by  separating  the  bell  into 
two  parts,  BO  as  to  permit  'both  the  frout  and  rear  parts  of 
the  packing  to  be  driven. 

In  ])utting  together  this  joint,  tlir  ]<M>pe  ring  is  pnss^fl 
over  the  ball-spigot  and  slipped  some  distance  toward  the 

Fio.  96. 


centre  of  the  pipe ;  the  ball-socket  is  then  entered  into  the 
solid  part  of  the  bell  and  its  lead  joint  packing  yioui-ed  and 
snugly  driven  ;  the  loose  ring  is  then  bolted  in  position,  and 
its  lead  joint  packing  is  poured  and  firmly  driven,  also. 
Til  is  secures  a  solid  i^ackiiig  at  both  front  and  rear  of  the 
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joist,  capable  of  withstanding  the  strain  that  comes  ui)on  it 
as  the  pipe  is  lowered  into  i)08ition,  and  ensures  a  tight 
joint.  The  ball-spigot  is  turned  smootli  in  a  lathe  to  true 
spherical  form. 

Fig.  98  illustrates  J.  R.  AVard's  patent  flexible  joint. 

460.  Thickness  Foruiulas  Compared.— Tlie  results 
given  by  some  of  tlie  well-known  formulas  for  thicknesses 
of  cast-iron  pipes,  may  be  compared  in  Table  No.  97. 

401.  Fommlas  for  Weights  oi  CaHt-lron  Pipes.— 
Tlie  mean  weight  of  cast-iron  is  about  450  pounds  per  cubic 
foot,  or  .2604  pounds  per  cubic  inch. 

Let  d  be  the  diameter  of  a  cast-iron  pipe,  in  inches ; 
t^  the  thickness  of  the  pipe-shell,  in  inches ;  and  tt  the  ratio 
of  circumference  to  diameter  (=  3.1416);  then  the  cubical 
volume  Vx,  in  inches,  of  a  pipe-shell  (neglecting  the  weight 
of  hub),  is,  for  each  foot  in  length. 


V^^{d-k't)xtxirxl% 


(14) 


When  the  length  of  a  pipe  is  mentionedj  it  is  commonly 
the  length  between  the  bottom  of  the  hiib  and  the  end  of 
tlie  spigot  that  is  referred  to ;  that  is,  tlie  net  length  of  the 
pipe  laid,  or  which  it  will  lay. 

The  average  weight  of  a  pipe  per  foot  includes  the 
weight  of  the  hub,  which,  as  thus  spoken  of,  is  assumed  to 
be  distributed  along  the  pipe. 

The  weights  of  the  hubs,  of  general  form  shown  in 
Fig.  96,  and  whose  dimensions  are  given  in  Table  No.  96 
(p.  461),  increase  the  average  weight  per  foot  of  the  twelve- 
foot  light  pipes,  approximately,  eight  per  cent. ;  of  the 
medium  pipes,  seven  and  one-half  per  cent ;  and  of  heavier 
pipes,  seven  per  cent. 

The  equation  for  cubical  volume  of  pipe-metal,  includ- 
ing hub,  is 
30 
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TABLE     No.     07. 

Formulas  for  Thickness  of  Cast-iron  Pipes  Compared. 

Assumed  static  pressure,  75  lbs.  per  square  inch.    Assumed  tenacity  of  metal,  18^000  lbs.  per 

square  inch. 


AUTHOMTY. 


SqnatioQ  (13),  1 453* 

H.  Dupuit 

J.  F.  D'Aubui&son.. 
Julius  Weisbach. . . . . 
Dionyslus  Lardner. 

Thomas  Box 

G.  L.  Molesworth.. 

Wm.  J.  M.  Rankine 

John  Nerille  . . . 
Thos.  Hawksley 
Baldwin  Latham 
Junes  B.  Francb 
Thos.  J.  l^'hitman 
M.C.Meigs.. 
J.  H.Shedd   . 
J.F.Ward..., 
Jos.  P.  E)aTls. 


Equations. 


Diameters. 


4  In.       la  in.   I  34  in.      48  in. 


(.ooi6«b/)  +  .0131/  +  .33 


(.015^)  +.395* 
(.00038x1/ >  +■  .34, 
(.ooynr)  +  .38  ... 


Thick- 
ness. 

Inches. 
i  -A^T* 
I 

•405s 

.4550 

.3899 

■4534 


Thick-  1  Thick- 
ness. 


Itukei.  '  Incket. 
8367 


Thick- 


j    .5850 
]    .5766 

1    .4897 


kd 

95000' 


(10  )        as 

i.37  for  4"  to  13" ) 
■50  ;;  la  ;;  30  }• 
.6a   "  30     "  50   ) 


I 
.3776 


I    -4074 


-/ 


[.0016 («  ■(-  10)1/]  -I-  .33  .... 

.18  i'rf 

whd 

38.8.S^»5 

(.000058^^  -i-  joii%d  -f  .3x3 

(.00451*1/)  +  .4  —  .0011^  ... 

(.00604161/}  +  .35 . 

(.oooo8A^)  +  .011/+  .36.,.. 

(jaocnhd)  +  .30 

(.oo47S(ii/>  +.35 


■5794 


.6iai 


.3887 

.5000 

.4175 

.6ia6 

.3600 

.6335 

.3334 

.500a 

.4139 

.6148 

.4900 

.6699 

■3542 

.5635 

■4554 

.6461 

.4384 

.7153 

.4496 

.6488 

8333 
7550 
6394 

8ao4 
8069 
7342 
7071 

9053 

8818 

7504 
9176 
9397 
8750 
9322 
1304 
9476 


iMCkct. 

3400 

3466 
1150 
9389 
3608 

1750 
0684 


J-49oa 
3470 
3508 
533* 
4795 
5000 
5000 
9608 
5453 


I    1 


In  which    /  =  tliickness  of  pipe  wall,  in  inches. 

d  =  interior  diameter  of  pipe,  in  inches. 

k  •—  bead  of  water,  In  feet 

tv  =  weight  of  a  cubic  foot  of  water,  --  63  5  lbs. 

n  =  number  of  atmospheres  of  pressure,  at  33  feet  each. 

>  =  pressure  of  water,  In  pounds  per  square  inch. 

S  =  ultimate  tenacity  of  cast-iron,  in  poundsi  per  square  inch. 
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Let  Wi  be  the  weight  per  cubic  inch  of  the  metal 
(=  .2604  lbs,),  and  w  the  average  weight  per  foot  of  the  pipe, 
tlien  we  have  for  equation  of  average  weight  per  foot,  of 
tweJve-foot  pipes, 


V)  =  12{d  +  l,08t)tnwi. 


(16) 


To  compute  the  average  weiglit  per  lineal  foot  of  an 
18-inch  diameter  pipe,  twelve  feet  long,  and  J. J  inch  thick  in 
the  shell,  assign  the  numerical  value  to  the  symbols,  and 
the  equation  is ; 

«o  =  12  [18  +  (1.08  X  .65625)]  x  .66626  x  3.1416  x  .2604 
=  120.68  pounds. 

In  t)ie  equation,  12,  tt,  and  Wt  are  constants,  and  may  be 

united,  and  their  product  (=  9.81687)  supply  their  place  in 

the  equation,  when  the  equation  for  awrage  weight  per 

foot  is, 

10  =  9.82(flJ  +  1.080  •  <;  (17) 


and  for  the  total  weight  of  a  12-foot  pipe : 
IT  =  117.8  (««-M.08Q.^. 


(18) 


462.  Table  of  Weigrhts  of  Cast-iron  Pipes.— The 

following  table  gives  minimum  weights  of  tliree  classes  of 
caat-iron  pipes,  of  good,  tough,  and  elastic  cast-iron  (with 
S  =  18,000  lbs.),  for  heads  up  to  300  ft.  ;  also,  approximate 
weights  of  lead  required  |>er  joint  for  the  respective  diam- 
eters, from  4  to  48  inches,  inclusive. 
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TABLE     No.    98. 
Minimum  Weights  of  Cast-iron  Pipes. 


CL.A55    A. 

CLASS    B. 

CLASS    C. 

Head,  ii6fcet. 

Head,  030  fecL 

Head,  300  feet. 

Pressure,  50  lb*. 

Pressure,  ic»  lbs. 

Pressure,  130  Ibi. 

1 

a 

1 

1 

i 

' 

• 

ft 

1^ 

1 

If 
1^ 

J 
1 

I 

1 

im. 

im. 

iht. 

Af. 

fjt. 

th. 

V»l. 

I'M. 

iU 

Af. 

ih. 

t 

■^il 

v,% 

>ii 

43" 

.e.90 

nj 

-»477 

»9-69 

'i* 

334 

.48« 

jo,7i 

369     .5050 

ja-43 

389 

8 

ID 

^X 

^& 

vi 

.5a89 

.5777 

534 

7a3 

:^ 

S:J? 

??? 

teas 

13 

.M33 

67- 1« 

^ 

,0306 

9M 

8453 

Wyt 

■>.Qa 

.1 

83.04 

.6755 

ii7«     .7338 

ic*.54 

ss-oa 

100.90 

I3tt 

.r»77 

119.93 

1716      .84B3 

t3'-35 

X 

«4-»S 

iB 

^ 

119.0; 

1494 

■7733 

143.00 

157  5« 

»T.»S 

•o 

160.56 

11^70 

.Saw 

«»3  ,    -9055 

186.45 

"37 

3*75 

aa 

1937 

.87.1 

196.00 

*35» 

.9698 

a»7-74 

afin 

lis 

34 

iJSI 

183  55 

»to» 

.9»oo 

"5.75 

1709 

i.oaoo 

«$i-33 

3016 

•7 

JSSJ 

•646 

.■m 

»73.76 

1*85 

1.1058 

J06.04 

3671 

51 JS 

JO 

.9108 

3"S 

3»6" 

19" 

I. 1916 

366.00 

4W' 

tJ^i 

U 

304.00 

3648 

1.1400 

446-30 

«9« 

»  a-73 

43»->5 
501-48 

U[| 

3 

^33 

350.37 

*^ 

1.2183 

53^ 

'■3633 

a4 

R?:^ 

4° 

'•93J3 

4»7-»o 

1.3111 

533'5 
^9.70 
734.10    ' 

6398  ji.4778 

603-40  ,   734' 
7'4-5S       8575 
835'«»     1OO8O 

wk 

ti 

J.«733 

489.60    5875 
S67.60    liia 

1.4088 
1.50W 

8809!)!. 7p66 

'^ 

107.75 

Itl.O» 

The  following  table  gives  the  weights  of  pipes  that  have 
been  used  by  various  water  departraenta  for  their  maximum 
pressxires: 


*  Vidt  tUickDessoe  of  pipes  In  Tnblc  No.  93>  p.  455. 
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TAB  L  E     No.     9Sa, 

Weights  op   Cast-irok   Pipes,  as   used   in  Several  Cities  for 
THEIR  Maximum  Pressures. 


If 


Maximum  Head,  in  feeL 


R.    R. ,  R. 


<50i  tool  iSo    siS 


R.     R.  |S.-PJ  R.     R.  ;  S.-P. 
19!    i;foi    ia5  I  t8oi  aoo.    a6o 


S.-H. 


'75 


R.A 
D.-P, 


D.-P.    R. 


R.A 

S^P. 


Average  >Vetghte,  per  lineal  too^  In  pound*. 


If  I  .., 

3*      3« 


105  .... 

307  aj5 

330  340 

4a a  405 

585  69S 


l«4 

»74  ' 
»3«   [ 

606  ; 


*y> 


350 


«»7l 


St 


B3k 


"5 


•50 


4fo 


33l 

S; 
•5 

178* 

♦7» 


183 

3SO 
4ta 


87 

"3 


197* 
»39 
357 


>3l 


>34 

iS 


3» 

St 

75 


165 

9tfS 

334 


Cs 


86 
1.5 


»57 


The  inltiaU  in  thchorizonUl  column  of  heads  indicate  the  systems  of  pressure,  vie,  R.,  rco- 
crroir  ;  S.-P.,  «tand-pipc ;  and  D.-P.,  direct  pressure. 

4rG;i.  Int<»rcbaugeable  Joints.— When  several  classee 
of  pipes,  varying  in  weight  for  similar  diameters,  enter  into 
the  same  system  of  distribution,  as,  for  instance,  in  an  un- 
dulating town,  with  considerable  differences  in  levels,  there 
is  an  advantage  in  making  the  exterior  diameters  the  con- 
stants, instead  of  the  interiors,  for  then  the  spigots  and  bells 
of  both  plain  and  special  castings,  and  of  valves  and 
hydrants,  have  nniforraity,  and  are  interchangeable,  as  occa- 
sion i-equires,  and  the  different  classes  join  each  other  with- 
out special  fittings. 

*  Tbe  Ottawa  pipe  wel^bta  daned  u  of  4  and  14  Inch  dbuneten  an  in 
5  and  15  inch  diamet«ni  respeetivel^f. 
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If  it  is  objectiunabli'  to  inow^ase  and  decrease  the  interior 
diameters  of  the  light  and  heavj'  classes?,  tlien  the  object 
may  be  attained  by  increasing  the  thickness  of  the  ends  of 
the  liglit  and  medium  classes,  so  far  as  they  enter  the  hubs, 

li54.  ('hanu'terl>4tirs  of  l*l|KvM<*tnl8-— The  metal 
of  pipes  should  be  tough  and  elastic,  and  have  great 
tenacity.  In  projixDrtion  as  these  qualities  are  lacking,  bulk 
of  metal,  increased  in  a  geometrical  ratio,  must  be  sub- 
stituted to  produce  their  equivalents.  In  our  formula  given 
above  (^  452)  for  thickness  of  cast-iron,  it  uiU  be  re- 
membered that  we  were  obliged  to  add  a  term  of  thickm^ss 

j. 333(1  —  :.7^)f  to  enable  the  pipes  to  be  safely  handled. 

If  the  metal  is  given  great  degrees  of  toughness  and  elas- 
ticity, wo  may  omit,  for  the  larger  jiipes,  t!iis  last  nieml>er 
of  the  formula;  but  now  we  add  to  eacli  twelve-foot  piec^ 
of  pipe,  of  20-inch  diameter,  five  or  six  hundred  pounds; 
36-inch  diameter,  six  or  eight  hundred  pounds,  etc.,  that 
would  not  be  required  with  a  superior  metal. 

It  is  expensive  to  freight  this  extra  metal  a  hundred  or 
more  miles,  and  then  to  lianl  it  to  tlip  trenches  and  swing  it 
into  place,  and  at  the  same  time  to  submit  to  the  bi-eakage 
of  from  three  to  five  per  cent,  of  the  castings  because  of  the 
brittleness  of  tlie  inferior  metal. 

It  is  wi:'ll  known  that  the  same  qualities  of  iron  stone,  and 
of  fuel,  may  produce  from  the  same  furnace  very  different 
qualities  of  pigs,  and  it  is  the  smelter's  business  to  know, 
and  tie  generally  does  know,  whether  he  has  so  proportioned 
his  materials  and  o(uitrolled  his  blast,  as  to  produce  pigs 
that  when  remelteil  will  How  freely  into  the  mould,  take 
sharply  its  form,  and  become  tough  and  elastic  castings. 
The  founders  will  supply  a  refined  and  homogeneous  iron, 
if  such  quality  is  clearly  specified,  and  it  is  well  worthy  of 
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consideration  in  tlie  majority  of  cases  whether  such  iron 
will  not  be  in  fact  the  most  economical,  at  its  fair  additional 
coBt,  if  extra  weight,  extra  freight  and  haulage,  and  extra 
breakage,  are  duly  considered. 

Ex]>ert  inspectors  cannot  with  confidence  prnnonnce 
upon  the  quality  of  the  cast  metal  from  an  examination 
of  its  exterior  appearance,  nor  infallibly  from  the  ap]x^ar- 
ance  of  its  fracture.  Wilkie  says*  of  the  fracture  of  good 
No.  1  castrirou,  that  it  shows  a  dark  gray  color  '^th  high 
metallic  lustre ;  tlie  crystals  are  large,  many  of  them  shining 
like  ^mrticles  of  freshly-cut  lead ;  and  tliat  however  thin 
the  metal  may  be  cast,  it  retains  its  dark  gray  color.  It 
contains  from  three  to  live  per  cent,  of  carbon.  This  ia 
the  most  fusible  pig  iron  and  most  fluid  when  melted,  and 
superior  castings  may  l>o  produced  from  it. 

No.  3  has  smaller  and  closer  crystals,  which  diminisli  in 
size  and  brightneBs  from  the  centre  of  the  c>asting  toward 
the  edge.  Its  color  is  a  lighter  gray  than  No.  1,  with  less 
lustre.  No.  2  is  intermediate  in  appearance  and  quality 
between  Nos.  1  and  3. 

The  ^'brif//ity'  '^ mottled^''^  and  ^'white''^  irons  have  stiD 
lighter  colored  fractures,  with  a  white  "list"  at  the  edges, 
are  less  fusible,  and  are  more  crude,  hard,  and  brittle. 

The  mottled  and  white  irons  are  sometimes  produced  by 
the  furnace  working  badly,  or  i*esult  from  aeing  a  minimum 
of  fuel  with  the  ore  and  flux. 

Tlie  crj  stals  of  the  coarser  kinds  of  castrirons  were  found 
by  Dr.  Schott,  in  his  microscopical  examinations  of  ftuc- 
tures,  to  be  nearly  cubical,  and  to  become  flatter  as  the 
proportion  of  carbon  decreased  uud  the  grain  l>ecame  more 
uniform. 


•  '*The  mmnufarture  of  Iron  in  Great  Britain."     London,  1857. 
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In  wrought  iron,  the  double  pyramidal  form  of  the  cast 

crystal  is  almost  lost,  and  has  become  flattened  down  to 

parallel  leaves,  forming  what  is  termed  the  fibre  of  the  iron. 

In  steel  the  crystals  have  become  quite  parallel  and 

fibrous. 

4Go.  Tests  of  Pipe  Metals. — Tlie  toughness  and  elas- 
ticity of  pipe  metal  may  lie  tested  by  taking  sample  rt'nffS 
of,  say,  24-inch  diameter,  1-ineh  width,  and  J-inch  thickness,' 
hanging  them  ui)on  a  blunt  knife-edge,  and  then  suspending 
weights  frnni  them,  at  a  ]>oint  opx>osite  to  their  support, 
noting  tlnurdofiections  down  to  the  breaking  point;  also,  by 
letting  similar  lings  fall  from  known  lieights  upon  solid  an- 
vils. Tlie  iron  may  also  be  submitti?d  to  what  is  termeti  the 
*'beam  test,*'  generally  adopted  to  measure  tlie  transversei 
strength  and  elasticity  of  castings  for  building  purposes. 
In  such  case  the  standard  bar,  Fig,  9J),  is  3  ft.  6  in.  long, 

2  in.  deep,  and  1  in.  broad,  and 
is  placed  on  bearings  3  ft  apart^ 
and  13  l<:»aded  in  the  middle  till 
broken. 

Iron  that  has  been  first  skill- 
fully made  into  pigs,  irom  good 
ore  and  with  good  fuel,  and  has 
then  been  reraelted,  shoxild  sustain  in  the  above  described 
beaqi  test,  from  4,000  to  4,500  }x»unds,  and  submit  to  a  de- 
•flection  of  from  ^*g  to  J-inch. 

The  tenacity  of  tbe  iron  is  usually  measured  by  submit- 
ting it  to  direct  tensile  strain  in  a  testing  machine,  fitted  for 
the  purpose.  Its  tenacit>^  should  reach  an  ultimate  limit 
of  25,000  p<iund8  per  square  inch  of  breaking  section,  while 
still  remaining  tough  and  elastic.  Hard  and  brittle  irons 
may  show  a  much  greater  tenacity,  though  making  less 
valuable  pipes. 
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466.  The  Preser^iition  of  Pipe  8urftioes.— Tho 
unooated  iron  mains  tirst  laid  down  iu  London,  by  (he  Now 
River  Company,  were  supposed  to  impart  a  chalylx*ato 
quality  to  the  water,  and  a  wash  of  lime-water  waa  applied 
to  the  interiors  of  the  pip^s  bt*fore  laying  to  ivmedy  this  evil. 

Before  iron  pipes  had  been  long  in  use,  in  the  early  part 
of  the  present  century,  in  those  European  towns  and  cities 
supplied  with  soft  w^ator,  it  was  discovered  that  tuberculous 
accretions  had  formed  so  freely  upon  their  interiors  as  to 
serioasl}^  diminish  the  volume  of  flow  through  the  pipes  of 
three,  four,  and  six-inch  diameters. 

This  difficulty,  which  was  so  serious  as  to  necessitate  the 
laying  of  larger  distribution  pipes  tlian  would  otherwise 
have  been  necessary,  engaged  the  attention  of  British  and 
continental  engineers  and  chemists  from  tinu'  to  time.  Many 
experimental  coatings  were  appliwl,  of  silirates  and  oxides, 
and  the  pipes  were  subjected  to  batlis  of  hot  oil  under 
pressure,  witli  the  hopi^  of  fully  remedying  the  difficulty. 
A  committee  of  the  British  Ass<.)ciation  also  inquired  into 
the  matt*»r  in  connection  with  tlic^  subject  of  the  preservation 
of  iron  ships,  and  instituted  valuable  exiHrrimentH,  wiii<'li 
are  described  in  two  reports  of  Robert  Mallet  to  the  Asso- 
ciation. 

A  similar  difficulty  was  experienced  with  the  uncoated 
iron  pipes  first  laid  iu  Philadelphia  and  New  York. 

In  the  report  of  the  city  engineer  of  Boston,  January, 
1852,  mention  is  made  of  some  pipes  taken  up  at  the  South 
Boston  drawbridge,  which  liad  been  exposed  to  the  flow 
of  Cochituate  water  nine  years. 

He  remarks  that  '*  some  of  the  pipes  were  covered  inter- 
nally with  tubercles  which  mi^asured  abf^ut  two  incites  in 
area  on  their  surfaces,  by  about  three-quarters  of  an  inch 
in  height,  while  others  had  scarcely  a  lump  raistid  in  them. 
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Those  which  were  covered  with  the  tubercles  were  corroded 
to  a  depth  of  about  one-sixteentli  of  an  inch ;  the  iron  to 
that  depth  cutting  with  the  knife  very  much  like  i)hirabago." 
Mr.  Shule,  the  engineer,  expressed  the  opinion,  after  com- 
painng  the  condition  of  these  pipes  with  tliat  of  pipes  exam- 
ined in  1852,  that  the  corrosion  is  y(^ry  energetic  at  first, 
but  that  it  gradually  decreases  in  eneigy  year  by  year, 

'rije  process  used  by  Mons.  Le  Beuffe,  civil  engineer  of 
Vesonl,  Prance,  for  tlie  defence  of  pipes»  as  communicated* 
by  him  to  Mr.  Kirkvvood,  chief  engineer  of  the  Bi-ooklyn 
Water-works,  ** consists  of  a  mixture  of  linseed  oil  and 
beeswax,  applied  at  a  higli  temperature,  the  pipe  being 
heated  and  dip])ed  into  the  hot  mixture. 

The  varaish  of  M,  Crouziere,  tt^sted  on  iron  immei-sed  in 
sea- water  at  Toulon,  by  the  French  navj,  consisted  of  a 
mixture  of  sulphur,  rosin,  tar,  gutta-j>ercha,  luiiiuni,  blanch 
de  ceruse,  and  tui'pt»ntine.  Iliis  protected  a  plate  of 
wrought  iron  perfectly  dining  the  year  it  was  immersed. 

A  process  that  has  proved  very  successful  for  the  preser- 
vation of  iron  pipes  ustxl  to  convey  acidulated  waters  from 
Gerniau  mines,  is  as  follows  :t  "The  pipes  to  be  coated 
are  first  exposed  for  tluree  hours  in  a  bath  of  diluted  sul- 
phuric or  hydrochloric  acid,  and  afterward  brushed  with 
water ;  they  then  receive  an  under-coating  composed  of 
34  jmrta  of  silica,  16  of  borax,  and  2  of  soda,  and  are  ex- 
posed for  ten  minutes  in  a  retort  to  a  dull  ivd  heat.  After 
that  the  upper  coating,  consisting  of  a  mixture  of  34  parts 
of  feldspar,  19  of  silica,  24  of  borax,  16  of  oxide  of  tin,  4  of 
fluorspar,  9  of  soda,  and  3  of  saltpetre,  is  laid  over  the  inte- 
rior surface,  and  the  injM^s  are  ex])osed  to  a  white  heat  for 
twenty  minutes  in  a  retoit,  when  the  enamel  i)erfectly  unites 

•  ndt  Descriptive  Memoir  of  tbc  Brooklyn  Water-works.  p.  48.    N.  T.,  1967. 
f  Vidt  "  Engineering."     Ix»nclon,  Jan..  1872,  p.  45. 
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with  tlie  cast-iron.  Before  the  pipes  are  quite  cooled  down» 
their  outside  ia  jiaint^'d  with  coal-tar.  The  above  ingre- 
dients of  the  upper  coating  are  melted  to  a  mass  in  a  cru- 
cible, and  afterwards  witli  little  water  ground  to  a  fine 
paste." 

Prof.  Barff,  M.A.,  proposes  to  preserve  iron  (including 
iron  water-pii>es)  by  converting  its  surfaces  into  the  mag- 
netic or  black  oxide  of  iron,  which  undergoes  no  change 
whatever  in  the  presence  of  moisture  and  atmospheric 
oxygen. 

He  says»  "The  method  whicli  long  experience  has  taught 
us  is  the  best  for  carrying  out  this  i>roces8  for  the  protection 
of  iron  articles,  of  common  use,  is  to  raise  the  temperature 
of  those  articles,  m  a  suitable  chamber,  sa}-^  to  500°  P.,  and 
then  pass  steam  from  a  suitable  genei-ator  into  tliis  cham- 
ber, keeping  these  articles  for  five,  six,  or  seven  hoiu^,  as 
the  case  may  be,  at  that  temperature  in  au  atmosphere  of 
superheated  steam. 

**  At  a  temperature  of  1200°  P.,  and  under  an  exposure 
to  superhi'jited  st^uini  fornix  or  seven  hours,  the  iron  surface 
becomes  so  changed  that  it  wiU  stand  the  action  of  water 
for  any  length  of  time,  even  if  tliat  water  be  impregnated 
with  the  acid  fumes  of  the  laboratory." 

The  first  coated  pipes  used  in  the  United  States,  were 
importtKl  from  a  Glasgow  foxmdry  in  1858.  These  were 
coated  by  Dr.  Angus  Smith's  patent  process,  which  liad 
been  introduced  in  England  about  eight  years  earlier. 
Dr.  Smith's  Coal  Pitch  Varnish  is  distilletl  from  coal-tar 
until  the  naphtha  is  entirely  removed  and  tlu*  material 
deodorized,  and  Dr.  Smith  recommends  the  addition  of  five 
or  six  per  cent,  of  linseed  oil. 

The  pitch  is  carefully  heated  in  a  tank  that  is  suitable 
to  receive  the  pipes  to  be  coated,  to  a  temperature  of  about 
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300  degrees,  when  the  pijx^s  are  immersed  in  it  and  allowed 
to  remain  imtil  they  attain  a  k^mperatui-e  of  300''  Fah. 

A  more  satisfactory  treatment  is  to  heat  the  pipes  in  a 
retort  or  oven  to  a  temperatuR^  of  about  310'  Fah.,  and 
then  immerse  them  in  the  batli  of  pitch,  which  is  maintained 
at  u  temperatun.^  of  not  less  than  210\ 

When  linseed  oil  is  mixed  witli  the  pitcli,  it  has  a  ten- 
dency at  high  temi>eratnre  to  s(^panite  and  float  upon  the 
pitch.  An  oil  derived  by  distillation  from  coal-tar  is  more 
fr»:^uently  snbslitiiti*d  for  the  linsi^-ed  oil,  in  praetico. 

The  pipes  should  be  free  from  rust  and  strictly  clean 
when  tiiey  are  immersed  in  the  ]>itcli-but]i. 

467.  VarniHlies  lor  PiiK's  aiid  Iron-work. — A  good 
iar  vaTniah^  for  covering  the  est<,^riors  of  pipes  where  they 
are  exxx)9ed,  as  in  pump  and  gate  houses,  and  for  expos€?d 
iron  work  generally,  is  tnentioiied*  by  Ewiug  Matheson, 
and  is  composed  as  follows :  30  gallons  of  coal-tar  fresh, 
with  all  its  naplithu  retained ;  6  lbs.  tallow;  IJ  lbs.  resin ; 
3  lbs.  lampblack ;  30  lbs,  fresh  slacked  lime,  finely  sifted. 
These  ingredients  are  to  be  intimately  mixed  and  a]>i)lied 
hot.  This  varnish  may  be  covered  with  the  ordinary  lin- 
seed-oil paints  as  occasion  requires. 

A  black  varnishy  that  has  been  recommended  for  out- 
door iron  work,  is  composed  as  follows :  20  lbs.  tar-oil ; 
5  lbs.  asphaltum  ;  5  lbs.  powdered  rosin.  These  ai-e  to  be 
mixi^l  liot  in  an  iron  kettle,  with  care  to  prevent  ignition. 
The  varnish  may  be  applied  cold. 

408.  Hydraulic  I'roof  of  Pipes.— When  the  cast^ 
iron  pipes  have  received  their  preservative  coating,  they 
should  be  placed  in  an  hydraulic  proving-press,  and  tested 
by  water  pressure,  to  300  lbs.  per  sq.  in. ;  and  while  under 


I 


"  Works  in  Iron/'  p.  SSI.     London,  1878. 


UYDKAULIC    PROOF    OF    PIPES. 


477 


the  pressnro  be  smartly  ning  with  a  hammer,  to  test  them 
for  minor  ilefwrt^  in  casting,  and  for  undue  internal  Btraina. 
Pig.  100  is  one  of  the  most  simple  forms  of  hydraulic 
proviug-pre^Hses.  The  cuist-iron  head  upou  the  left  is  ILxed 
stationary,  while  toward  the  right  is  a  strong  liead  that  is 
movable,  aud  that  advances  and  retreats  by  the  action  tf 
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B    the  screw  working  in  the  nut  of  the  fixed  head  at  the  right. 
When  the  pij)e  is  rolled  into  position  for  a  test,  suitable 
gaskets  are  placed  upon  its  ends,  or  against  the  two  heads, 
and  then  by  a  few  turns  of  the  hand-whei'l  of  the  screw,  the 
movable  Jiead  is  set  up  so  as  to  press  the  2)i])c  between  the 
two  heads.     Levers  are  then  applied  to  the  screw,  and  the 
H    pressure  increased  till  thei-e  wiU  be  no  leakage  of  water  at 
"     the  ends  pist  the  gaskets.     The  air-cock  at  the  right  is  tlien 
^m     openefl  to  permit  escapt?  of  the  air,  and  the  water-valve  at 
H     tlie  left  opemxi  to  fill  the  pipe  with  water.     The  hydraulic 
pump  and  the  water-pressure  gauge,  which  are  attached  at 
the  leftv,  aix^  not  shown  in  the  engraving.     AVhon  the  pipe  ia 
filled  with  water,  and  the  valves  clos<.*d,  tlie  requisite  pres- 
sure is  then  applied  by  means  of  the  pump.     Care  must  be 
taken  that  all  the  air  is  expoUtnl,  before  pn?8sure  is  applied, 
lest  in  case  of  a  split,  the  conipn^ssed  air  may  scatter  the 
pieces  of  iron  with  disastrous  results. 


Ft».  101. 
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469.  SiKH!ial  Pipes, — Fig.  101  is  q.  section  tlirough  a 
single  Branch,  with  side  views  of  lugs  for  securing  a  cap  or 
hydrant  branch. 

Fig.  102  is  a  section  through  a  Reducer. 

Fig,  103  is  a  section  tlirough  a  Bend. 


Fio.  t04. 
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Fig.  104  is  a  section  through  a  Sleeve,  the  upper  halT 
being  the  form  for  covering  cut  ends  of  pipes,  and  the  lower 
half  the  form  for  uncut  spigot  ends. 

Fig.  105  la  a  pai-t  section  and  plan  of  a  clam])  Sleeve. 


AVROUGHT-IRON     PIPES 

470.  Cement-Lined  and  Ciiiitetl  Pipes. — Sheet-iron 
water-pipes,  lined  and  coated  with  hydraulic  cement  mor- 
tar, l)y  a  process  invent<*d  by  Jonathan  Ball,  were  laid  in 
Saratoga,  N.  Y.,  to  conduct  a  supply  of  water  for  domestic 
purposes  to  some  of  the  citizens,  as  early  as  1846. 

The  inventor,  who  was  aware  of  the  ready  corrosion  of 
wrought-iron  when  exposed  to  a  flow  of  water  and  tt)  the 
dampness  and  acids  of  the  eartli,  had  observed  the  pn*- 
servative  influence  of  lime  and  cement  when  applied  to  iron, 
and  saw  that  with  its  aid,  the  liigh  tensile  strengtli   of 
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wrought  or  rolkni  iion,  could  be  utilized  in  water-pipes  to 
sustain  considerable  pressun^s  of  wat4-r,  and  the  weight  of 
the  iron  required,  thus  be  materially  n^duced. 

The  reduction  in  the  weight  of  the  iron  reduced  also  the 
total  coat  of  the  coniph/te  pi^w  in  th*-  tR'nch. 

The  favorabh>  tiualities  of  hydraulic  cement  as  a  conduc- 
tor of  j)otablc  wah'ra  luid  long  been  well-known,  for  the 
Romans  invariably  lined  their  aqueducts  and  conduits 
witli  it 

Twenty-five  or  thirty  towns  and  villages,  and  a  number 
of  corporate  water  eompauies  hud  already  adopted  the 
WTOUghtriron  cement  lined  water  pipes  in  theh*  systems,  and 
still  others  were  experimt^nting  with  it  at  the  bivakiug  out 
of  the  civil  war  in  1861, 

As  one  result  of  the  war.  the  price  of  iron*  rose  to  more 
than  double  its  former  value,  and  tlie  difterence  in  cost  be- 
tween cast  and  wrought  iron  pipes  became  conspicuous,  and 
the  cost  of  all  j>ipes  rose  to  so  great  total  sums  tliat  the  pijie 
of  least  first  cost  must  of  necessity  be  adopted  in  most 
instances,  almost  regaidless  of  comftamtive  merits.  So 
long  as  the  hjgli  prices  of  iron  and  of  labor  remained  firm, 
tlie  contractors  for  the  wrought-iron  were  enabled  to  lay  it 
at  a  reduction  of  forty  i^r  cent,  from  the  cost  of  the  cast- 
iron  pii)e. 

Increased  attention  to  sanitary  improvements  led  many 
towns  to  complete  their  wat*?r  supplies  even  at  tlie  high 
rates,  and  many  hundred  miles  of  the  coment-lined  pij^ea 
came  into  use. 

471-  Methods  of  Lining.— Its  manufacture  is  simple. 
The  sheet-iron  is  formed  and  closely  riveted  into  cylinders 

*  New  York  and  PMlidelphU  prices  cnrrent  rpcord  the  ncnrly  regular 
KTenge  monthly  mcnmse  in  the  price  of  Anlhrmcite  Pig  Iron  No.  1,  from  ISf 
dollars  per  ton  of  3340  pounds  in  August.  1861,  to  73§  dolkn;  per  ton  in 
August,  1864. 
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of  seven  or  eight  foot  in  length,  and  of  diameter  from  one 
to  one  and  one-half  inches  greater  thau  the  clear  bore  of  the 
lining  is  to  be  liuislied.  The  pipe  is  then  set  upright  and  a 
short  cylinder,  of  diameter  equal  to  the  desired  bore  of  the 
pipe,  is  lowered  to  the  bottom  of  the  pipe.  Some  freshly 
mixed  hydraulic  cement  mortar  is  tlien  tlirown  into  the  pii>o 
and  the  cylinder,  which  has  a  coue-shaped  front ;  and  guid- 
ing spurs  to  maintain  its  central  position  in  the  shell,  is 
drawn  up  through  the  mortar.  A  uniform  lining  of  the 
mortar  is  thus  compressed  within  tlic  wrought-iron  shell. 
The  ends  an'  th(m  dressed  up  witli  mortar  by  the  aid  of  a 
small  trowel  or  spatula,  and  the  pipes  carefully  placed  ujion 
skids  to  reniahi  until  the  cement  is  set 

The  interiors  of  the  pipe-linings  are  treated  to  a  wash  of 
liquid  cement  Mobile  they  are  still  fresh,  so  as  to  fill  theirpores. 

In  another  process  of  lining,  a  smoothly-tumed  cylin- 
drical mandiil  of  iron,  equal  in  length  to  the  full  length  of 
the  pipe,  and  in  diameter  to  the  diameter  of  the  finished 
bore,  is  used  to  form  the  bore,  and  to  compress  the  lining 
within  the  shell,  A  fortnight  or  three  weeks  is  required  for 
the  cement  to  set  so  as  safely  to  bear  transportation  or  haul- 
age to  the  trenchfrs.  In  the  meantime  tlie  iron  is  or  should 
be  protected  from  storms  and  moisture,  and  also  from  the 
direct  rays  of  the  sun,  which  unduly  expands  the  iron,  and 
separates  it  from  a  portion  of  the  cement  lining. 

47!i.  Covering. — AVhen  these  pipes  arc  laid  in  the 
trench,  a  bed  of  cement  mortar  is  prepared  to  receive  them, 
and  they  are  entirely  coated  with  about  one  inch  thicknesa 
of  cement  mortar,  as  is  shown  in  the  vertical  section  of  a 
six-inch  pipe,  Pig.  106. 

The  writer  has  used  upwards  of  one  hundred  miles  of 
this  kind  of  pipes,  and  the  smaller  sizes  have  proved  uni- 
formly successful. 
31 
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The  iron  is  relied  upon  wholly  to  sustain  the  pressure 
of  the  water  and  resist  the  effects  of  water-raras.  T!ie 
cement  is  dei>eiicled  upon  to  preserve  the  iron,  which  object 
it  has  accomplished  during  the  term  these  pipes  have  been 
In  use,  when  the  cement  was  good  and  workmanship  faith- 
ful, which,  unfortunately  for  this  class  of  pipe,  has  not 
always  been  the  case,  and  the  reputation  of  the  pipe  has 
Buffeix^  in  consequence. 

Fro.   107. 


473.  Cement- Joint.— A  shef^t  -iron  sleeve,  about  ei^ht 
inches  long,  as  shown  in  Fip:.  107,  is  used  in  the  common 
form  of  joint  to  cover  the  abutting  ends  of  the  pipe  as  they 
are  laid  in  the  trench. 

The  diameter  of  the  sleeve  is  about  one  inch  greater  than 
the  diameter  of  the  wrought-iron  pipe  shell,  and  the  annular 
space  between  the  pipe  and  sleeve  is  filled  with  cement.  The 
sleeve  and  pipe  are  then  covered  with  cement  mortar. 

In  a  moi'e  recently  patented  form  of  pipe,  the  shell  has 
taper  of  about  one  inch  in  a  seven-foot  piece  of  jylpe^  and 
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the  small  end  of  one  piece  of  pipe  enters  about  four  inches 
into  tli^  large  end  of  the  adjoining  pipe,  thns  forming  a 
lap  witiiout  a  special  sleeve.  The  tluckneas  of  lining  in 
thf se  pijxjs  varies,  but  the  bore  is  made  uniform. 

474,  Cast  Hub- Joints. — The  writer  having  experienced 
some  difficulty  with  both  the  above  forms  of  cement-joints,  of 
the  larger  diametei-s,  and  desmng  to  substitute  lead  pack- 
ings for  the  cement,  in  a  20-inch  force  main,  to  be  subjected 
to  great  strains,  devised  the  form  of  joint  shown  in  Fig.  108. 

Fig.  108. 


In  this  case  the  wrought-iron  shells  were  riveted  up  as 
for  the  common  20-inch  pipe,  and  then  the  pipe  was  set 
upon  end  in  a  foundry  near  at  hand,  a  form  of  bell  moulded 
about  one  end,  and  molten  iron  poui'ed  in,  coTiipleting  tlie 
bell  in  the  usual  form  of  cast  iron  bell.  A  spigot  is  cast 
upon  the  opposite  end  in  a  similar  manner.  Tlie  lead  pack- 
ing is  then  poured  and  driven  up  with  a  set,  as  the  pipes 
are  laid,  as  is  usual  with  castriron  pipes.  The  joint  is  as 
successful  in  every  respect  as  are  the  lead-joints  of  cast-iron 
pipes. 

The  force-main  in  question  has  been  in  use  upwards  of 
three  years,  and  water  was,  during  several  months  of  its 
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earliest  use,  pumped  through  it  into  the  distribution  pip^s, 
on  the  direct  pumping  sj^stem. 

For  lead  joints  on  wrought-iron  pipes  from  ten  to  sixteen 
inches  diameter  inclusive,  about  four  inches  width  of  the 
edge  ofthe  spigot  end  sheet  raa}'  be  rolled  thicker,  so  as  to 
bear  the  strain  of  caulking  the  lead,  as  a  substitute  for  the 
cast  spigot. 

475.  Composite  Branches.  —  Tlie  wrought  -  iron 
branches  were  originally  joined  to  their  mains  by  the  appli- 
cation of  solder,  the  iron  being  lirst  tinned  near  and  at  tlie 
junction.  After  the  successful  pouring  of  the  "bells,  the 
experiment  was  tried  of  uniting  the  parts  by  pouring  molten 
metal  into  a  mould,  formed  about  them,  the  metal  being 


1 


I 


Fia  100. 


cast  partly  outside  and  partly  inside  the  pipeff,  aa  in  the 
case  of  the  hub-joint.  The  paits  were  rigidly  and  veiy  sub- 
stantially united  by  the  process,  which  is  in  practical  effect 
equal  to  a  w*'ld. 

Fig.  109  shows  a  section  of  a  double  six-inch  branch  on 
a  twelye-inch  sub-main. 
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Fig.  110  IS  a  section  of  a  wrought-iron  angle  with  its 
parts  unitt'd  by  a  cast  uniou. 

Several  holes,  similar  to  the  rivet  holes  of  tlie  pipe,  are 
jmuchcd  near  the  ends  to  be  united  at  different  points  in 
the  circumference,  eo  that  the  metal  flows  tlirough  them, 
as  shown  in  the  sketches. 

TtG.  no. 


The  writer  has  used  these  branches  and  angles  exclu- 
sively in  several  cities,  in  wrought-iron  portions  of  the 
diatribution-pix)es,  without  a  single  failui-e. 

476.  Thickness  of  Shells  for  Ceuieiit  LiningH.— 
When  computing  the  thickness  of  sheets  for  the  shells  of 
wTouglit-iron  cement-lined  pipes,  the  internal  diameter  of 
the  shell  itself,  and  not  of  finished  bare,  is  to  be  taken. 
The  longitudinal  joints  of  the  sliells  for  pipes  of  12-inch  and 
greater  diameters,  should  be  closely  double  riveted. 

The  tensile  strength  of  the  shells,  when  made  of  the  best 
plates,  may  be  assnnied,  if  single  riveted,  36,0()(>  pounds 
per  square  inch,  and  double  riveted  40,000  potmds  per 
square  inch. 

A  formula  of  thickness,  ^ven  above,  with  factor  of 
safety  =  4,  in  addition  to  allowance  for  water-ram,  may  be 
used  to  compute  the  thickness  of  plates,  viz.: 


^ J^8 ' 
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^B          in  which  t  is  the  thickneBs  of  rolled  plate,  in  inches.           ^^M 

^^L                       d           diameter  of  the  shell,  in  inches.                  ^^M 

^^^fe                  p            static  pressure  due  to  the  head  in  lbs,  per 

^^^^H                                  sq.  in.  =  .434  A. 

^^^^^^           8          tenacity  of  riveted  shells,  in  lbs.  per.  sq.  in. 

^^^V         The  following  table  gives  the  thickness  of  shells  for 

^^^^     cement  linings,  and  the  nearest  No.  of  Birmingham  gauge 

^m          in  excess,  suitable  for  heads  of  from  100  to  300  feet,  by 

^1          formula, 

■                                            ,_(p~\-100)d 

^^^^H                                    TABLE                                                            ^^M 

^^^^^^               Thickness  of  Wrought  Iron  Pipe  Shells.                ^^H 

^^L^        (DiAmeicnV'to  lo"' single  riveted,  3'=36,oooR».    Dl&meten  la^' uid  apwud,  double  rivetAd,       H 

^^^^                                                                                   5-=  40,000  lbs.)                                                                                      ■ 

^^1                        DtAUBTBR 

^^M                  or  BoKK. 

DiAMrrcR 
or  Shkll. 

Head  iiti  Pkvt. 

Head  17  j  Kkst. 

Head  jca  Farr.            H 

Ti.UL«:». '    Nearest 

Thickness 

Nearest 
No.  Birra. 

TfaJckncsa 

Nearest 
No.  Hirm. 

Fonnnb. 

Guufie  tn 
Excess. 

Formula. 

Gallic  tn 
Excess. 

Dy 

GaugviD 
Exccaa. 

^^^H 

Imchu. 

Imek*t. 

inekts. 

Incktt. 

^^H 

5 

.0417 

19 

.0486 

xS 

.0639 

16 

^^K 

7 

.0528 

17 

.0681 

15 

.0894 

13 

^^H 

9-25 

.0771 

15 

.0899 

13 

.1182 

XI 

^^^B 

11.25 

.0937 

13 

.1094 

13 

.>437 

9 

^^^H 

13.25 

.0994 

12 

.1159 

II 

.1524 

8 

^^H 

15.25 

.1144 

12 

■1334 

10 

.1754 

7 

^^H 

17-5 

■I313 

10 

•1532 

8 

.2013 

6 

^^H 

19-5 

.1463 

9 

.1706 

7 

.224a          5        ■ 

^^^H 

21-5 

.1613            8 

.1881 

6 

*2472  !         3         ■ 

^^^H 

23-5 

•1763 

7 

.2056 

5 

.2702 

>         ■ 

^^" 

25-5 

.1913 

6 

.2236 

4 

.2932  1         I         ■ 

^^^P          Shells  having  less  factors  of  safety  than  our  formuia     1 

^m           gives,  have  been  used  in  many  small  works.    A  factor     1 

^m          equal  to  6,  to  include  effect  of  water-ram,  should  always  be    1 
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tken,  and  tliis  may  be  found  directly  by  a  formula  in  the 
following  form : 


477.  Gauffo   ThlclaieBs  aiid  Weights  of  Rolled 

Iron. — The  following  table  (No.  100)  gives  the  thicknesses 
and  weights  of  sheet-iron»  corresponding  to  Birmingham 
gauge  numbers ;  also  thicknesses  and  weights  increasing 
by  sixteentlas  of  an  inch. 

478.  Lining,  Covering,  and  Joint  Mortar. — The 
lining  mortar  and  covering  mortar  should  have  the  volume 
of  cement  somewhat  in  excess  of  the  volume  of  voids  in  the 
sand,  or,  for  linings,  equal  parts  of  the  best  hydraulic 
cement  and  fine-grained,  sharp,  silicious  sand ;  and,  for 
coverings,  two-iiftlis  like  cement  and  three-fifths  like  sand. 

The  joint  mortar  should  be  of  clear  cement,  or  niay  be 
of  four  parts  of  good  Portland  cement,  and  one  pait  of 
hydraulic  lime,  with  just  enough  water  to  reduce  it  to  a 
stiff  ]mste. 

Tliis  kind  of  pipe  demands  very  good  materials  for  aU 
its  parts,  and  the  most  thoi-ough  and  faithful  workmanship. 

A  concrete  foundation  should  be  laid  for  it  in  quicksand, 
or  on  a  soft  bottom,  and  a  bed  of  gravel,  well  rammed, 
should  be  laid  for  it  in  rock  trench,  and  exceeding  care 
must  be  taken  in  replacing  the  trench  back-fillings.  Poor 
materials  or  slighted  workmanship  will  surely  lead  to  after 
ajmoyance. 

Some  of  the  ceraent-lined  pipes  are  given  a  bath  in  hot 
asphaltum  before  their  linings  are  applied.  In  such  case,  a 
sprinkling  of  clean,  sharp  sand  over  their  surfaces  Imme- 
diately after  the  bath,  while  the  coating  is  tacky,  assists  in 
forming  bond  between  the  cement  and  asphaltum. 
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^ 

^f 

Thicknesses  and  Weights  of  Puvte-iron,                ^^H 

^H                 Blrmliv.' 
^^^H             gauge 

Thlckneas.      1 

W«igfatora 
aqiHxefooL 

Tbtckness, 

io         1 

Bixtcentbs 

of  an  inch. 

Thickness, 

Id  decim&ls  of 

an  inch. 

WeiKbt  of          ■ 
a  square  foot       ^1 

^^^^^ 

/iKJk^t. 

Pounds, 

Imk4t. 

r^mmdM.            1 

^H                  OCX}0 

'454 

^^'^^ 

^ 

•03125 

1.263        ^ 

^H              ooo 

.425 

17.18 

^ 

.06250 

3.536 

^^^^ 

-38 

15.36 

i} 

.09375 

3.789 

^^^H 

.34 

13.74 

\ 

.12500 

5.052 

^^^H 

•3 

12.13 

h 

.15625 

6-3«5 

^^^H 

.284 

11.48 

A 

.18750 

7-578 

^^B 

.259 

10.47 

7 

T7 

.2»875 

8.841 

^^^1 

.238 

9.619 

\ 

.25000 

10.10 

^^H 

.22 

8.892 

A 

.28125 

11-37 

^^H 

.203 

8.205 

ff 

.31250 

12.63 

^^H 

.18 

7275 

\\ 

-34375 

13.S9 

^^H 

.165 

6.669 

k 

.37500 

15.16 

^^H 

.148 

5.981 

H 

,40625 

16.42 

^^^^1 

.134 

5416 

-h 

.43750 

17. 68 

^^^H 

.12 

4.850 

¥ 

.46875 

18.95 

^^^^1 

.109 

4-405 

i 

.50000 

30.3I 

^^H 

.095 

3.840 

A 

.56250 

22.73 

^^H 

.083 

3-355 

i 

.62500 

25.26 

^^1 

.072 

2.910 

¥ 

.68750 

27-79 

^^H 

.065 

2.627 

i 

.75000 

30.31 

^^H 

.058 

2.344 

H 

.81250 

32.84 

^H 

.049 

1.980 

i 

.87500 

35.37 

^^H 

.042 

1.697 

H 

.93750 

37.89 

^^^H 

.035 

i.4»5 

I 

I 

40.4a 

^^^B 

.032 

1-293 

'1^ 

1.06250 

42.94 

^^^1 

.038 

1. 132 

>J 

1. 12500 

45.47 

^^H 

.025 

1. 010 

'A 

1.18750 

48,00 

^^m 

.022 

.8892 

«i 

1,25000 

50.5  a 

^H 

.02 

.8083 

'A 

1.3  >  250 

53.05 

^^H 

.018 

.7225 

>i 

1.37500 

55.57 

^^H 

.016 

.6467 

'A 

1.43750 

58. 10 

^^H 

.014 

.5658 

ij 

1.50000 

60.63 

^^H 

-013 

•5254 

't% 

1.56250 

63.15 

^^m 

.0X3 

.4850 

:t. 

1,62500 

65.68 

^^H 

.010 

.4042 

1.68750 

68.20 

^^H 

,009 

-3638 

•J 

1,75000 

70.73 

^^H 

.008 

'inT, 

•H 

1.81250 

73.i6^^| 

^^H 

.007 

.2829 

'i 

1,87500 

75.78^H 

^^B 

,005 

.2021 

>H 

1.93750 

78.31  ^B 

^H 

.004 

.1617 

2 

2 

80.83      1 
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470.    AsphaUuin-ccMited    Wrougrht-iroii    PiiM?8.— 

Wrouglit-iron  pi}ies,  euattd  with  asphaltum,  have  bot'ii 
used  almost  exclusively  in  California,  Nevada,  and  Oregon, 
some  of  those  of  the  San  Francisco  water  supply  being 
thirty  inches  in  diameter. 

Some  of  these  wrought-iron  pipes,  in  siphons,  are  sub- 
jected to  great  pressuiv,  as.  for  instance,  in  the  Virginia 
City,  Nevada,  supply  main,  leading  water  from  Marlette 
Lake. 

This  main  is  11. J  inches  diamet*^*r,  and  37,100  feet  in 
length,  and  crosses  a  det^p  valley  between  the  lake,  upon 
one  mountain  and  Virginia  City  upon  another.  Tlie  inlet, 
where  the  pipe  receives  the  water  of  the  lake,  is  2,098  feet 
above  the  lowest  depression  of  the  pipe  in  the  valley,  where 
it  passes  under  the  Virginia  and  Truckee  Railroad,  and  the 
delivery  end  is  1028  feet  above  the  siinie  depression.  A 
portion  of  the  pipe  is  subjected  to  a  steady  static  strain  of 
750  pounds  per  squaw*  inch. 

The  tluckness  of  this  i>ipe-shell  varies,  according  to  the 
pressure  upon  it,  as  follows : 


Head,  in  feet. 


No.  of  iron.  Dirmingluini  gmage. 
Thickness,  in  Inches 


900 

or 
less. 

90D 

lo 

330 

430 

570 

S70 

to 

TOO 

TOO 
to 
95* 

9S" 
to 

1050 

1090 
to 
laso 

1350 
to 

1400 

|6 

<3 

M 

ta 

» 

9 

7 

S 

3 

-«ss 

jap> 

.o«3 

W9 

.1. 

.148 

.tB 

.ss 

.an 

ftod 
over. 


Tlie  joints  ai-e  covered  with  a  sleeve,  and  the  joint  jmck- 
ing  is  of  lead. 

480.  Asiilialtuin-Batli  for  Pipes, — A  description  of 
the  asphaltum  coating,  as  prepared  for  these  pipes  by 
Herman  Schussler,  C.E.,  under  whose  direction  many  pip<>8 
have  been  laid,  is  given  in  the  January,  1874,  Report  of 
J.  Nelson  Tubbs,  Est|.,  Chief  Engineer  of  the  Rochester 
Water-works,  as  follows,  in  Mr.  Schussler's  language  : 
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"The  purest  quality  of  asphaltuTn  (we  use  the  San 
Barbara)  is  selected  and  broken  iuto  i)iece8  of  from  the  size 
of  a  hen's  egg  to  tliat  of  a  list.     With  this,  tliree  or  four 
round  kettles  are  tilled  full,  then  the  uaterstices  are  filled 
with  the  best  quality  of  coal  tai-  (free  from  oily  substances)^ 
and  boiled  from  three  to  four  hours*  until  the  entire  kettle 
charge  is  one  .s*"ini-tluid  mass,  it  being  frequently  stirred  up. 
The  best  and  most  pmctical  test  tlien,  as  to  tlie  suitability 
of  the  mixture,  is  to  take  a  piece  of  sheet-iron  of  the  thick- 
ness the  pipe  is  made  of,  say  six  inches  square,  it  being 
cold  and  freed  froui  impuritii^s,  and  dip  it  into  the  boiliug 
mass,  and  keep  it  tliero  from  five  to  seven  minuties.     Imme- 
diately afU»r  taking  it  out,  plunge  it  into  cold   water,  if 
possible  near  the  fi-eezing-])oint,  and  if,  after  removal  froiM 
the  water,  the  coating  don*t  become  brittle,  so  as  to  jump 
off  the  iron  in  t*liip8,  by  knocking  it  witli  a  hamraer,  but 
firmly  adheres  (like  the  tin  coating  to  galvanizt^^  iron),  the 
coat  is  good  and  will  last  for  ages.     If,  on  the  other  hand, 
it  is  brittle,  it  shows  that  there  is  either  too  much  oil  in  the 
tar  or  aaj^haltum,  or  the  mixture  was  boiled  too  hot,  oxM 
there  was  too  much  coal-tar  in  the  mixture ;  as  adding  coal- 
tar  makes  the  mixture  brittle,  while  by  abiding  asphaltum 
it  becomes  tough  and  pliable.    The  pipes  are  immersed  in 
the  bath  as  thus  prepared,"  ■ 

Wrought-iron  pipes  of  this  description  are  extensively 
used  in  France,  in  diameters  up  to  48  inches. 

They  are  first  subjected  to  a  bath  of  hot  asphaltura,  and 
then  the  exteriors  are  coated  with  an  asphaltum  concrete, 
into  which  some  sand  is  introduced,  as  into  the  cement- 
covering  above  described. 

481.  Wrought  Pipe  Plates.— The  shells  of  wronght- 
iron  conduits  and  pipes  should  be  of  the  best  rolled  plates^ 
of  tough  and  ductile  quality,  of  ultimate  strength  not  1 
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than  65,000  lbs.  per  square  inch,  and  that  will  elongate 
fifteen  per  cent,  and  reduce  in  sectional  area  twenty -five  per 
cent,  before  fracture. 


WOOD     PIPES. 

483.  Bored  Pipes.— The  wooden  pipes  used  to  replace 
the  leaden  pipes,  in  London,  that  were  destroyed  by  the 
great  fire,  three-quarters  of  a  century  ago,  reached  a  total 
length  exceeding  four  hundred  miles.  These  j)ipe8  were 
boiHMi  witli  a  peculiar  oore-auger,  that  cut  them  out  in 
nests,  so  that  small  pi]jes  were  made  from  cores  of  larger 
pipes- 

The  earliest  wat4?r-main8  laid  in  America  were  cliiefly  of 
bored  logs,  and  recent  excavations  in  the  older  towns  and 
cities  have  oft<'n  uncoverwl  the  old  cedar,  pitch-pine,  or 
chestnut  pipe-logs  that  luid  many  years  before  been  laid  by 
a  single,  or  a  few  associated  citizens,  for  a  neighborliood 
supply  of  water. 

Bon?d  pine  logs,  with  conical  faucet  and  spigot  ends, 
and  with  faucet  ends  strengthened  by  wrought-ii'on  bands, 
were  laid  in  Philadelphia  as  early  as  1797. 

Detroit  had  at  one  time  one  hundred  and  thirty  miles  of 
small  wood  water-pipes  in  her  streets. 

483.  Wyckoif'8  Patent  Pipe.— A  patent  wood  pipe, 
manufactured  at  Bay  City,  Michigan,  has  recently  been 
laid  in  several  western  towns  and  cities,  and  has  developed 
an  unusual  strength  for  wood  pipeF.  Its  chief  peculiarities 
are,  a  spiral  banding  of  hoop-iron,  to  increase  its  resistance 
to  pressure  and  water-ram  ;  a  coating  of  asphaltuni,  to 
preserve  the  exterior  of  the  shell ;  and  a  special  form  of 
thimble-joint. 

Fig.  Ill  is  a  longitudinal  section  through  a  joint  of  this 
wood  pipe,  showing  the  manner  of  insi^rting  the  thimble. 
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CHAPTER  XXn. 

DISTRIBUTION    SYSTEMS.   AND    APPEKDAOBS. 

484.  Loss  of  Head  by  Frlctlou,— In  the  chapter 
upon^ott)  of  waiter  in  pipes  (XIII,  anie\  we  have  discms84Hi 
at  length  the  question  of  the  maximum  discharging  ca- 
pacities of  pipes.  When  pluuuing  a  sysUnn  of  distribution 
pipes  for  a  domestic  and  fire  service,  it  is  quite  as  import- 
ant to  know  liow  mucli  of  the  available  head  will  be  con- 
sumed by,  or  will  remain  after,  the  passage  of  a  given 
quantity  of  water  tlirough  a  given  pipe. 

For  a  really  valuable  tire  service,  the  effectii>e  head 
pressure  remaining  upou  the  pipes,  with  full  draughty 
should  be,  in  commercial  and  manufacturing  sections  of  a 
town,  not  less  than  one  hundred  and  fifty  feet  and  in 
suburban  sections,  not  less  than  one  hundred  feet. 

Water  at  such  elevations,  near  a  Xoxm^  has  a  large  com- 
mercial value,  whether  it  has  been  lifted  by  the  op»ration3 
of  nature  and  retained  by  ingenuity  of  man,  or  has  been 
]inm])od  up  through  costly  engines  and  with  great  expend- 
iture of  fuel. 

When  sucli  head  pressures  are  secured  at  the  expense 
of  pumps  and  fuel,  they  are  too  costly  to  "be  squandered  in 
friction  in  the  pipes.  Such  frictional  loss  entails  a  corre- 
sponding daily  expense  of  fuel  so  long  as  the  works  exist 
In  such  case,  the  pipes  may  be  economically  increased  in 
size  untQ  the  dally  frictional  expense  capitalized,  approxi- 
mates to  the  additional  capital  reqnir*^  to  increase  the 
given  pi|5e8  to  the  next  larger  diameters. 
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The  frictional  head  A"  in  pipes  under  pressure,  is  foui 

by  the  formula, 


A"  =  »» {4m) 


2gd 


Tlie  frictional  head  for  a  given  diameter  is  as  the  squai 
of  the  velocity,  nearly  (o'w)  and,  for  diflferent  diameters, 
iuvt^rsely  as  the  diameters. 

Tlie  coeflScient*  m  decreases  in  value  as  the  velocity 
increases,  and  for  a  given  velocity  decreases  as  the  diametorM 
increases.  1 

485.  Table  of  Frictional  Heads  in  Pipes,— The 
following  table  (No.  101,  p.  496)  we  have  prepared  to  facih- 
tate  frictional  head  calculations,  and  to  show  at  a  glance  the 
frictional  efFi^ct  uf  increas**  of  velocity,  in  given  pipes  from 
4  to  36  incli  diameters.  The  second  and  last  columns  show 
also  the  theoretical  volume  of  delivery  through  clean,  smooth 
pipes  at  difit^rent  given  velocitieB,t  M 

Tlie  fonrth  column  gives  approximate  values  of  tlie 
coefficient  m  for  pivon  diameters  and  velocities,  and  for 
clean  smooth  pipes  under  pressure. 


*  Vide  Table  No.  62,  page  248,  of  ctieflicienta  (m)  for  clean,  sligltUy  to 
rulnted,  and  foul  pipes  ;  also  g  274,  page  350,  for  formula  of  frictioual 
auce  to  flow. 

f  There  will  be  a  slififht  redaction  of  volume  and  velocity,  and  incT««se  of 
coofflcieDt  and  frictiun,  fur  eacli  valve  and  branch,  and  material  cbaneo  ia 
these  respects  if  the  pipes  arc  rough  or  foul. 
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TABLE    No.    101. 


Frictional  Head  in  Main  and   Distribution  Pipes  (in  each 
looo  feet  length),      h"  =  z/»(4w)  —^■* 


or 

Volume  of 
wmtLT 

Velocity 
of 

Coefficient 
of 

FrlctlomU  head 

U.S.EftUoDs 

pipe. 

dellTcred 

flaw. 

ftjctian. 

per  lODoliHC 

/i»f*-^. 

Ftet. 

Gfilttm, 

4 

S 

,95s 

.00714 

l.S£l 

53.856 

7.S 

1.437 

.00695 

s,e7S 

80,784 

ID 

i.gi6 

.00680 

4^633 

107,712 

I2.S 

2<387 

,00666 

7.114 

134-640 

15 

2.865 

,oofi54 

10,06 

161. 5ba 

17-S 

3.342 

,00644 

13, OJ 

188,496 

2Q 

3<a3i 

.00633 

I7.SS 

215,434 

6 

IT'S 

1,409 

.00666 

j.e4s 

188,496 

20 

1. 701 

-0065s 

t.S55 

215,424 

22.5 

i.gij 

.0064B 

S.B46 

343»35a 

as 

2.t2& 

.00646 

S.6SS 

26Q,2gO 

27.5 

2.339 

,00638 

4.S^? 

396,208 

30 

a. 551 

.00634 

6.  Wi 

323-136 

35 

3.976 

.ooCtf3 

tf.^,ii5 

376,992 

40 

3  401 

,oo6t5 

8.8SS 

430.848 

4S 

3.827 

,00610 

11.100 

484,701 

8 

30 

1.4*9 

.00644 

1.SS5 

323,136 

35 

1.6&5 

.otj635 

I,6S0 

376,993 

40 

1.910 

,00626 

SAU 

430348 

45 

2^143 

.O063O 

iS.G64 

4H4J04 

50 

2,361 

,oo6is 

S.^4^ 

538,560 

S5 

2.6^9 

.00609 

S.^93 

592.416 

6a 

3.857 

,00603 

4.SS7 

646,273 

65 

3.095 

»oo6oo 

6.SSG 

700,128 

70 

3-331 

-0059^ 

e.UB 

753.9B4 

75 

3.571 

■00592 

7.035 

B07J40 

Bo 

3.820 

.00589 

7.0ti3 

861,696 

&5 

4-048 

.00586 

S.&4J^ 

915-553 

90 

4.^98 

.00584 

10.066 

969.40S 

lO 

5o 

1.83s 

*oo6i4 

IMl 

646,372 

70 

2.141 

.00606 

S.Q71 

753.984 

ao 

2^447 

^00597 

f.Ges 

861,696 

^ 

a,7S= 

.00590 

S.33I 

969,408 

100 

3,058 

,00584 

4.&7I 

1,077,120 

no 

3-364 

,00578 

4'S7e 

1,184,832 

120 

3.670 

*O0573 

6.743 

1,393,544 

130 

3,976 

,00569 

€.706 

1.400,356 

140 

4.3BI 

.00566 

7.73S 

1,507,968 

150 

4-587 

.0056a 

S.81S 

1,615,680 

•  Take  d  in  feet.    Vide  p.  604. 
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TABLE    No.    101— (Continued). 

Frictional  Head  in  Main  and  Distribution  Pipes   Qn  eadi 
,  looo  feet  length). 


Dto. 

piptt. 

Volume  of 

water 
deUTand. 

Velocity 

of 

flow. 

Co.«d«U 
Mctioa. 

PrlctkMuahiMl 
per  1000  Coat. 

"hSjfSsr 

/wUr. 

min. 

Stmmd, 

PHt. 

GmOfmB, 

IS 

I20 

3.548 

.00581 

fB,S4S 

1,392.544 

140 

3.972 

.00571 

S.1S3 

1.507,968 

160 

3-397 

.00563 

4.036 

1.733.39a 

180 

3.821 

.00555 

6,0SS 

Z.93M16 

300 

4.246 

.0055J 

6,171 

»s: 

330 

4.637 

.00546 

7,m 

340 

5.098 

.0054a 

8,765 

3.585.088 

H 

175 

3.731 

.00560 

i,t07 

1,884,960 

300 

3.100 
3-498 

.00553 

S.84S 

8,154.340 

235 

.00546 

S.650 

3,433,590 

350 

3.887 

.0054a 

4.359 

3,693,800 
3,963,080 

375 

4.375 

.00537 

4.989 

300 

4.665 

.00538 

6,£SS 

3.331.360 

325 

5.053 

.00530 

7.20s 

3,500,640 

350 

.5.597 

.00524 

8.738 

3.769.930 

16 

325 

3.682 

.00554 

1.857 

a.4a3.5ao 

350 

3.099 

.00538 

S.4O8 

3,693,800 
3,963,080 

275 

3.226 

.00536 

2.599 

300 

3.576 

.00530 

3.158 

3.231,360 

325 

3.874 

.00526 

3.679 

3,500,640 

350 

4.17a 

.00523 

4.-V 

3.769,930 

375 

4.47» 

.00520 

4.8U 

4.039.300 

400 

4.768 

.00518 

5.488 

4.308,480 

435 

5.066 

.00515 

€.159 

4.577.760 

450 

5.368 

.00508 

0.848 

4,847,040 

475 

5.676 

.00510 

7.667 

5.116,330 

500 

5.961 

.00507 

S..i95 

5.385.600 

s8 

300 

3.830 

.00530 

1.75t 

3.331.360 

350 

3.301 

.00519 

■2..i4i 

3.7^,930 

400 

3.773 

.00513 

3.0*4 

450 

4.245 

.00508 

3.791 

4.847.040 

500 

4.717 

.00504 

4,6U 

5,385,600 

550 

5.188 

.00499 

5.563 

5.934.I60 

600 

5.660 

.00497 

6.504 

6,463,730 

650 

6.132 

.00495 

•7.708 

7.ooz,38o 

675 

6.367 

.00^94 

8.293 

7.370,560 

^^^^^^B^      FHicrioNAL  h£:ai>s  in  PIFEa                    407       ^^1 

^^^P                      TABLE    1 01— (Continued).                                     ^^M 

n       Frictional  Head  IN  Main    AND  DISTRIBUTION   PiPES  (in  each         ^^H 

^m                                           1000  feet  length).                                                    ^^H 

^       Diam. 
of 

III                Pfp*- 

Volume  of 
witer 

delivered. 

Velocity 

of 
flow. 

CoefEdeot 
of 

bictJOD. 

Fiicdonal  heul 
per  1000  fecL 

V.  S.  njtons                  ^^H 
in  a^  Dfrnra.                            ^H 

^M      tmk*t. 

mm. 

FtHfwr 

FM. 

^^^1 

^H 

350 

2.674 

.00516 

1, 37s 

3.769,930         ^^H 

^H 

400 

3.056 

.00509 

1.731 

4,308^80         ^^m 

^^1 

450 

3-438 

.00503 

e.tis 

4.847.040             ■ 

^H 

500 

3.8ai 

.00500 

S,7£0 

s.385.600         ^^ 

^H 

550 

4.302 

.00496 

3.2114 

5^24,160         ^^m 

^H 

600 

4.585 

.00493 

s.aes 

6,462,790            ^^H 

^^H 

650 

4.967 

.00490 

4.^*6 

7,001,380             ^^H 

^H 

700 

5-341 

.00487 

6.t?7 

*^^M 

^^B 

750 

5-731 

.OL484 

C.924 

8,o73h100               ^^H 

^H 

800 

6. 113 

.004S1 

ti.aiiS 

8.616,960               ^^^1 

^H 

850 

6.57a 

.00479 

7.710 

9.155.520           ^^H 

H 

900 

6.878 

.00477 

8.409 

9.694.080          ^^m 

550 

a. 918 

.00484 

1.S80 

5.934.160         ^^H 

■ 

6no 

3.183 

.00482 

1,617 

^^^M 

^H 

650 

3.449 

.00477 

l,7tii 

7,001,380              ^^^1 

^H 

700 

3.714 

.00475 

S.a'iS 

^^H 

^H 

750 

S-'JTQ 

.00473 

Jf,3Sti 

8.078,400          ^^^1 

^H 

800 

4.245 

.00471 

S.CVi 

8,616.960          ^^^1 

^H 

850 

4.510 

.00469 

S.063 

^^H 

^^B 

900 

4-775 

.00467 

3.307 

9.694,080              ^^H 

^H 

950 

5.041 

.00466 

3,678 

10,232,640             ^^H 

^^1 

1000 

5.306 

.00464 

4-067 

10,771.300             ^^^1 

^H 

1050 

5-571 

.00463 

4.4^ 

11,309.760            ^^H 

^^H 

ItCX) 

5.826 

.00463 

4*871 

11,848,320            ^^^1 

^H 

U50 

6.314 

.00459 

$.Ij84 

13.386,880            ^^^1 

^^K 

laoo 

9.367 

.00457 

6.754 

13,925.440          ^^M 

^P 

1350 

6.633 

.00455 

6MS 

13,464.000          ^^m 

■      37 

800 

3-353 

.00465 

1,410 

8,616,960          ^^^1 

goo 

3.772 

.00461 

1.811 

9,694,080           ^^H 

^^L 

1000 

4.192 

.00457 

'J. ^17 

10,771,200              ^^^H 

^H 

1 100 

4. 611 

.00453 

2JU'>9 

^^^1 

^H 

1200 

5-030 

.00451 

3.160 

12,925,440           ^^M 

^^1 

1300 

5-454 

.00449 

3.CS7 

14,002,560              ^^^H 

^^B 

1400 

5.868 

.00447 

4.ioO 

15,079.680              ^^^1 

^H 

1500 

6.387 

.00445 

4.s.',t; 

16J56.8C0              ^^^1 

^^p 

1600 

6.707 

,00443 

6.50s 

17,333.930           ^^M 

■ 

1700 

7.136 

.00439 

0.16^ 

18,311,040                    ^M 

i_          ^                                        ^1 

^8 
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TABLE    No.    101  —(Continued). 

Frictional  Head  in  Main  and    Distribution  Pipes   (in   ead& 
looo  feet  length). 


Dl«n. 

of 
pipe. 

Volume  of 
water 

dcUrered. 

Velodtr 

of 

flow. 

CcjeflSdenl 
of 

fiictloa. 

Frictbiiml  hewd 
per  vxK>  EeeL 

rm:k,M. 

Fftt, 

CaUm*. 

30 

10(X> 

3,396 

.00448 

1.2s i 

IO,77l,3«lQ 

1200 

4-075 

-00441 

1.S20 

12,1535,440 

I41XI 

4^754 

.00433 

s,m 

15*079.680 

i6fx> 

S-433 

.00434 

3,257 

17.233.920 

i«no 

6.ria 

.00429 

4.009 

19,388,160 

3O0O 

6.791 

.CX1423 

4.m 

2I.542f400 

aacn 

7^471 

.00425 

S.S94. 

a3t69G,64o 

3400 

8-149 

,0a|2£ 

€.^47 

25t850»8So 

36 

1500 

3.53^ 

4004IQ 

IMS 

16,156,800 

4.703 

.□0413 

l,StH 

3i,54a,40o 

3500 

5,894 

,00406 

e.ftjo 

26,Q^S.(X10 

3000 

7^073 

.00401 

4.m 

33.313.600 

3500 

8.233 

.D03g7 

s.r><is 

37.699.200 

4txx> 

9-431 

.00394 

7.1^57 

43*084,800 

486.  Relative  Discharging  Capacities  of  Pipes. 

The  volume  of  water  delivered,  q^  by  a  pipe,  is,  as  we  have 
seen  (§  396),  equal  to  the  product  of  its  section  4^,  into  its 
mean  velocity  of  flow  ^, 

q  —  Sv. 

The  equation  of  velocity  is, 

hence  we  have,  for  full  pipes, 

By  uniting  the  two  terms  of  d,  within  the  vinculum,  we 
have  the  equation  of  volume, 


HELATIVE    CAPACITIKS    OF    PlFKa  499 

For  a  given  inclinarion,  all  the  terms  in  the  right-hand 
member  are  couatant,  except  d  aud  m.     We  have  then  the 

relative  discharging  powers  of  pipes,  as  the  qnotients,  \  /  — , 

V    Wl 

or  nearly  as  the  square  roots  of  the  fifth  powers  of  the 
diameters. 

By  transposition  of  the  equation  for  volume,  ^,  we  have 
the  equation  for  diameter,  rf,  of  long  pipes, 

-  _  (  1         \q^m    M_  (  J_        ^rnlq^  \  *  .qx 

^~\^g^  .61685i  1    "  (  ^gh  ^  .61(586  )    *  ^^^ 

By  this  we  perceive  that  the  relative  diameters  required 
for  equally  effective  deliveries  are  as  the  products  \'ffm^  or 
nearly  as  the  ftfth  roots  of  the  squares  of  tlie  volumes. 

487.  Tabic  of  Relative  Capacities  of  Pipes.— The 
following  table  (No.  102)  of  approximate  relative  dischai^- 
ing  powers  of  pii^es,  will  facilitate  the  proper  proportioning 
of  systems  of  pipe  distributions.  It  sliows  at  a  glance  the 
ratio  of  the  square  root  of  the  fifth  power  of  any  diameter, 
from  3  to  48  inches,  to  the  square  root  of  the  fifth  power  of 
any  other  diameter  within  the  same  limit 

In  the  second  column  of  this  table,  the  diameter  1  foot 
is  assumed  as  unit,  and  the  ratios  of  the  sqiuire  roots  of  the 
fifth  powers  of  the  other  diameters,  in  feet^  are  given  oppo- 
site to  the  respective  diameters  in  feet  written  in  the  first 
column.  Thus  the  approximate  relative  ratio  of  discharging 
power  of  a  3-foot  pipe  to  that  of  a  l-f<x>t  pipe  is  as  15.588  to 
1 ;  and  of  a  .5  foot  pipe  to  a  1-foot  pii>e  as  .1768  to  1 ;  also 
the  relative  discharging  power  of  a  4-foot  pipe  (=  48-inch) 
is  to  that  of  a  2-foot  pipe  (=  24-inch)  as  32  to  5.657 ;  and  of 
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a  S.6-foot  pipe  to  the  combined  discharging  powers  of  a 
2-foot  and  1.5-foot  pipes  as  9.859  to  (5.657  +  2.766). 

The  last  vertical  column  gives  the  diameters  in  inches, 
as  does  also  the  horizontal  column  at  the  head  of  the  right- 
hand  section  of  the  table. 

The  numbers  in  the  intersections  of  the  horizontal  and 
vertical  columns  from  the  diameters  in  inches  give  also 
approximate  relative  discliargiug  capacities.  For  instance, 
if  we  select  in  the  vertical  column  of  diameters  that  of  the 
48-inch  pipe  and  desire  to  know  how  many  smaller  pipes  it 
is  equal  to  in  dischai'ging  capacity,  we  trace  along  the  liori- 
zontal  column  from  it,  and  lind  that  it  is  equal  to  15.59, 
sixteen-inch  pij)es,  or  5.65  t^venty- four-inch  pipes,  or  1.68 
forty-inch  pipes,  etc.  Also,  for  other  diameters,  we  find 
that  a  24-inch  pipe  is  equal  to  32  six-inch  pipes,  or  2,05 
eighteen-inch  pipes,  and  a  12-inch  pipe  is  equal  to  6.66  six- 
inch  pipes. 

488.  Depths  of  Pipes.— The  depths  at  which  pipes 
are  to  be  placed^  so  they  shall  not  be  injured  by  traffic  or 
frost,  is  a  matter  for  special  local  study,  general  rules  being 
but  partially  applicable.  The  dejjth  is  controlled  in  each 
given  latitude,  of  thermic  belt,  by  first,  the  stability  of  the 
earth,  whether  it  be  soft  and  quaky,  or  heavy  clay,  or  close 
sand,  or  rock ;  second,  whether  the  ground  be  saturated  by 
surface  wat**i^  that  n>main  and  freeze  and  conduct  down 
frost,  or  by  living  springs  flowing  up  and  opitosing  deep 
penetration  of  frost ;  third,  whether  the  ground  be  porous, 
well  underdrained  to  a  level  below  the  pij)e8,  and  the  pores 
filled  with  air,  which  is  a  good  non-condnctor ;  and  fourtli, 
whether  the  Ti^inds  sweep  the  snows  off  from  given  localities 
and  leave  them  unprotected,  or  given  localities  are  shaded 
and  the  severity  of  night  is  uncounteracted  at  noondjiy. 

Along  those  thermic  lines  whose  latitudes  at  the  Atlan- 
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tic  coast  are  as  given,  the  depths  of  the  axes  of  the  pipes,  in 
close  gravelly  soils,  may  be  approximately  as  Ibllows : 


TA  B  LE     No.     103. 
Approximate  Depths  for  Axes  of  Water-pipes. 


DiAH. 

LaTTTI'DB 

Latitude 

Latitudb 

OlAM. 

LATnt'DK 

40'  NOTth. 

43"  North. 

44^  North. 

40*  North. 

Dtpth^ 

Dfpik»/ 

Dtptkit/ 

DtptkfT 

OJtis. 

OJTU, 

mxit. 

ajtU, 

ft 

t     » 

1       » 

$       it         1 

tr 

t     n 

4 

4-« 

5— a 

6-a      1 

20 

4—10 

6 

4-8 

5—3 

6—2 

33 

4—10 

6 

4—7 

5-1 

6—2 

24 

4— II 

lO 

4—7 

5—1 

6—3 

27 

4—11 

12 

4-7 

5—1 

6—2 

30 

5—  0 

M 

4—7 

5— a 

6-^2          1 

33 

5—  0 

i6 

4-8 

5—3 

6—3 

36 

5—  0 

i8 

4^-9 

5—4 

fr-3      1 

40 

5—  I 

Latttvob  I   LATmiDc 
4»'  North.  I  44'  North. 


mxit.       I       AJTM. 


5—  5 

5—  S 
5-6 

5—  7 

5-8 

5—9 
5—10 
5—11 


6-^ 


6-4 


6-5 
6—6 
6-7 


There  is  a  general  impression  that  the  water  passed  into 
pipes,  will  in  a  very  short  time  take  the  tjemperatni-e  of  tlie 
ground  in  wliich  the  pipes  are  laid.  Close  observation  does 
not  confirm  this  impression. 

If  water  at  a  high  temperature  is  admitted  to  a  deep 
pipe  system,  in  tlie  early  summer,  wliile  the  ground  is  yet 
cool,  the  consumers  will  derive  but  little  benefit  fix)m  the 
coolness  of  the  earth,  and  this  is  especially  the  case  when 
the  pipes  are  coated  and  lined  with  cement. 

Frost  also  penetrates  at  various  points  as  low  as  the 
bottoms  of  enb-mains,  without  seriously  interfering  with 
the  flow,  and  water-pipes  are  often  suspended  beneath 
bridges,  where  ice  forma  in  the  river  near  by,  a  foot  or  more 
in  thickness,  witliout  their  flow  being  interfered  with.  An 
eiglit  or  ten  inch  pipe  will  resist  cold  a  long  time  before  it 
will  freeze  solid. 

The  hydrants,  small  dead  ends,  and  service-pipes  are 
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most  sensitive  to  cold,  and  their  depths  and  coverings  should 
receive  esjx^cial  attention. 

Dead  ends  should  be  avoided  as  much  as  possible,  and 
circulation  maintained  for  the  protection  of  the  pipes  against 
frost,  as  well  as  to  maintain  the  purity,  or  to  prevent  the 
fermentation  of  the  motionless  water. 

489.  £le]iieutur>'  Dinieusious  of  Pipes.— A  table 
of  the  elementary  dimensions  of  pipes  facilitates  so  much, 
pipe  calculations,  that  we  insert  it  here  (p.  504).  The  last 
column  gives  also  tlie  quantity  of  water  required  to  fill  each 
lineal  foot  of  tlie  pipes,  when  laid  complete,  or  the  quan- 
tities they  contain. 

490.  Distribution  Systems.— We  have  now  reduced 
to  tabular  form  the  data  that  will  assist  in  establishing  the 
proportions  of  the  several  parts  of  a  system  of  distiibution 
pipes,  for  the  domestic  and  fire  supply  of  a  town  (»r  city. 

For  illustration,  h^t  us  assume  a  cas»?  of  a  thriving  young 
city  of  26,000  inhabitants,  situated  on  the  bank  of  a  naviga- 
ble river,  and  that  the  contour  of  the  land  liad  permitted 
its  streets  to  be  straight,  and  to  intersect  at  right-angles. 
In  8uch  case  its  system  of  distribution  jnpes  will  form  a 
series  uf  parallelograms,  inclosing  one,  two  or  more  of  the 
city  blocks,  as  circumstances  require,  substantially  as  is 
shown  in  the  plan  of  a  system  of  pipes,  Fig.  113. 

491.  Rates  of  Cousumption  of  Water.— The  healthy 
growth  of  the  city  gives  reason  to  anticipate  an  increase  to 
35,000  iniiabitants  within  a  decade,  and  this  number  at 
least  should  be  provided  for  in  the  first  supply  main,  the 
first  reservoir,  and  such  parts  as  ai*e  expensive  to  duplicate, 
and  a  larger  number  should  be  provided  for  in  the  con- 
duit* and  such  pails  as  are  very  expensive  and  difficult  to 
duplicate. 

The  continued  popularization  of  the  use  of  water,  and 
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TAB  LE     No.    1  04. 

I 

^B 

Elementary  Dimensions  of 

PiPIS. 

i 

^H                 Uimmrter 

DUmetor. 

Cootoor. 

Sectiontl  ana. 

Hydraulic 

meuinullua. 

Cnbkml  000-       V 
teats  Mr  liaal 

^K^               /iMVi//. 

FM, 

/W/. 

Sf,Afi. 

Cukicym.         1 

^k 

.0417 

,1310 

.001366 

.0104 

.001366 

^B 

-0625 

.1965 

.00306 8 

.0156 

.003068 

^^^H 

.083 

.2618 

.005454 

.0208 

•005454 

^H 

.1250 

•3927 

.01227 

.0312 

.01227 

^H 

.1458 

.4581 

.01670 

.0364 

.0x670 

^^^H 

.1667 

•523s 

.02185 

.04x8 

.02232 

^^H 

.250 

.7854 

.04909 

.0625 

.04909 

^^H 

-3333 

1.047 

.08726 

.0833 

.08726 

^^H 

.5000 

t.57» 

•19635 

.1250 

•19655 

^^H 

.6667 

2.094 

.3490 

.1666 

•3490 

^^^H 

.8333 

2.618 

.5454 

.2083 

•5454 

^^^H 

1. 0000 

3."  42 

.7854 

.2500 

■7854 

^^H 

1.1667 

3.665 

X.069 

.2916 

1.069 

^^H 

1-3333 

4.189 

1-397 

•3333 

"•397 

^^H 

1.5000 

4.713 

1.767 

.3750 

X.767 

^^^B 

1.6667 

5-235 

2. 181 

.4166 

3.181 

^^B 

3.0000 

6.283 

3.142 

,5000 

3-«4» 

^^H 

2.2500 

7.069 

3.976 

■5625 

3-976 

^^H 

2.5000 

7.854 

4.909 

,6250 

4.909 

^^B 

2.7500 

8.639 

5.940 

.6S75 

5.940 

^H 

3.0000 

9.425 

7.069 

•7500 

7.069 

^^H 

S'33S$ 

10.47 

8,726 

^^333 

8.726 

^^H 

36667 

11.52 

10.558 

.9166 

10.558 

^H         4S 

4.0000 

12.56 

12.567 

1. 0000 

12.567 

^^B 

4.5000 

14.14 

15.905 

X.1250 

15.905 

^^m 

5.0000 

15-71 

19.635 

X.2500 

19.635 

^^m 

6.0000 

19.29 

29.607 

1.5000 

29.607 

^H    ^4 

7.0C00 

21.99 

38.484 

1.7500 

38-484 

^H    96 

8.0000 

aS-4S 

50.365 

2.0000 

50.265 

1      1 
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the  increasing  demand  for  it  for  domestic,  irrigating,  o 
mental,  and  meclianical  purposes,  with  the  increasing  waste 
to  which  they  ail  tend,  requires  that  at  least  an  annual 
average  of  75  gallons  per  capita  daily  must  be  provided  for 
the  35,000  persons. 

In  our  discussion  of  the  varying  consumption  of  water' 

19),  it  is  shown  that  in  certain  seasons,  days  of  the  week, 
nd  hours  of  the  day,  the  rate  of  consiimption,  Independent 
of  the  fire  supply,  is  seventy-five  j>er  cent,  greater  than  th 
average  daily  rate  for  the  year.     In  anticipation  of  thii 
varying  rate,  we  should  proportion  our  main  for  not  1 
than  fifty  per  cent  increase  (=75  x  1.50  =  112.5),  or  for  a 
rate  of  112.5  gallons  per  capita  daily,  which  for  35,0<X>  per 
sons  equals^  rate  of  365  cubic  feet  per  minute. 

49'^-  Kates  of  Fire  Supplies.— For  fire  supply 
anticipate  the  possibility  of  two  fires  happi'ning  at  the  same 
time  requiring  ten  hose  streams  each.    The  minimum  firv 
supply  estimate  is,  then,  twenty  hose  streams  of  say  20 
cubic  feet  per  miimte,  or  a  total  of  400  cubic  feet  per  nainute. 

The  combined  rate  of  flow  of  fire  and  domestic  supply  is 
(365  +  400)  765  cubic  feet  i>fT  miuute. 

493.  Diameter  of  Hupply  iMaiii. — Turning  now  to  the 
table  of  Frictional  Uead  in  Distribution  Pipes,  and  looking 
for  volume  in  the  second  column,  we  find  that  a  24-inch  ■ 
pipe  will  deliver  765  cubic  feet  per  minute,  witli  a  velocity 
of  flow  of  about  4  feet  ix*r  second,  aud  with  a  loss  of  head 
of  about  2.6  feet  in  each  thousand  feet  length  of  main.  A 
20-inch  pipe  w^ill  deliver  the  same  volume  with  a  velocih^ 
of  flow  of  about  5.75  feet  per  second,  and  with  a  loss  of 
head  of  about  6  feet  in  each  thousand  feet  length.  Unless 
the  main  is  short,  this  velocity,  and  this  loss  of  head,  in- 
creased by  the  loss  at  angles  and  valves,  is  too  great.  We 
adopt,  therefore,  the  24-inch  diameter  for  supply  main. 
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494.  Diameters  of  Sub-Mains. — We  now  compiito 
the  portions  of  the  whole  supply  that  will  be  rp<|nii^  in 
each  section  of  Uie  city.  If  our  plan  of  distribution  is 
divided  into  twelve  sections,  then  the  average  wnrtion  sujk 
ply  is  one-twelfth  of  the  wliole.  We  find,  for  instance,  t!iat 
Sec.  1  requires  86  per  cent,  of  the  average;  Stn;,  3,  ILT)  jht 
cent  of  the  average;  Sec.  12,  100  per  cent  of  the  averago ; 
Sec.  22,  95  per  cent,  of  the  average,  etc. 

Now,  with  the  aid  of  the  table  of  relative  disohari^ng 
powers  of  pipes,  and  the  table  of  frictioiial  hi»ads  in  piju's, 
we  can  readily  assign  the  diameters  to  the  sub-mains  that 
are  to  distribute  the  waters  to  the  several  sections,  adding 
to  the  domestic  and  fire  supply  volumes  for  the  nenrt^st 
sections  the  estimated  volumes  that  are  to  puss  beyond  them 
to  remoter  sections. 

This  done,  we  may  sum  up  the  frictional  lossi^s  of  hivid 
along  the  several  lines  from  the  supply  to  any  given  point, 
and  deduct  the  sum  from  the  static  head,  and  see  if  the 
i-equired  effective  head  remains.  TIic  rohime  and  (trrctive 
liead  are  matters  of  the  utmost  importance,  wiii'ii  tin*  j)i|M»s 
are  depended  upon  exclusively  to  supply  the  watirs  rt^- 
quired  for  fire  extinguishment  Tlie  lack  of  these  lias  c<>8t 
several  of  our  large  cities  a  million  dollars  and  more  in  a 
singh^  night. 

An  inspection  of  the  table  of  Frictional  Head  shows  how 
rapidly  the  friction  increas*^8  when  velocity  increases.  The 
increase  of  frictions  are,  in  the  same  pipe,  as  the  increase  of 
squares  of  velocities  {v^m)^  nearly. 

405.  Maximum  Volocities  of  Flow.— As  a  general 
rule,  the  velocities  in  given  pip^s  should  not  f»xc«HHl,  in  feet 
per  second,  the  rates  stated  in  the  following  table  for  the 
respective  diameters. 
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TABLE     No.   108. 
Maximum  Velocities  of  Flow  in  Supply  and  DiSTRiBtmoK 


Diuneier,  In  inches. .. . 
Vtlucily,  la  It  per  SM. 
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496.   Coiiipsiriitive   FrlctionH. — As    regards   frictioff 

alone  in  any  givou  pipe,  it  does  not  matter  whether  the 
water  is  flowing  up  a  liill  or  dowTi  a  bill,  or  materially  if 
tlie  pressure  is  groat  or  little;  or  in  long,  conical,  and 
smooth  pipes»  whotlior  tlio  wat<^r  is  flowing  toward  the  larg^ 
end  or  toward  tin*  small  end.  The  total  friction  will  be  the 
same  in  both  directions  in  the  tii^st  case,  and  will  also  be  the 
same  in  both  directions  in  the  last  case.  In  the  conical 
pipe,  however,  thii  friction  per  unit  of  length,  or  per  lineal 
foot,  will  be  less  than  thi*  average  at  tlie  large  end,  because 
the  velocity  of  flow  will  be  less  tliere,  and  more  than  the 
average  at  the  small  end.  The  total  frictional  head  will  bej 
the  same  as  though  the  whole  pipe  had  a  uniform  diameteri 
just  equal  to  the  diann't4T  in  the  conical  pipe  at  the  point 
where  the  fi'ictiou  is  etpml  to  the  average  for  the  whole' 
length. 

41>7.  Itehitive  liaten  of  Flow  of  DomeHtic  and 
Fire  Supplies.— Tlie  actual  consumption  of  water  by  tbe| 
fire  depaiiraent  for  the  extingnishmfnit.  of  fin'S,  in  any  city. 
per  annum,  is  very  insignilicaut  wheTi  comjiaied  with  either] 
the  domestic,  the  irrigation  and  street  sprinkling,  or  thej 
mechanical  suj^ply  for  the  same  limit  of  time,  yet  it 
appeared  above  that  the  pij^**  caj>acily  nnpiired  for  the  fir* 
service,  in  the  general  main  of  a  small  city,  exceeds  that 
recjuired  for  the  whole  remaining  oonBumption.  If  we 
examine  this  question  still  closer,  taking  a  length  of  l^lW 
feet  of  distribution  pijje  in  a  closi^ly  built  up  section  of  the 
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city,  we  find  on  the  1200  feet  length,  say  40  domestic  service 
pipes,  and  cotisurnptii>n  of  say  750  gallons  each  per  day,  or 
total  of  15000  gallons  per  day.  Making  due  allowance  for 
fifty  per  cent,  increase  of  flow  at  ceilaiu  liours,  we  have  a 
i"eqiiii*ed  delivery  capacity  of  1.5  cubic  feet  i)er  minute  to 
cover  this  whole  consumption.  On  the  same  12(H)  feet  of 
])ipe  there  are,  say  four  fire-hydrants.  If  in  case  of  lire  we 
take  from  these  iiydrants  only  four  streams  in  all,  of  20 
cubic  feet  per  minute  each,  we  require  a  delivery  capacity 
of  80  cubic  feet  per  minute.  In  this  caae,  which  is  not  an 
uncommon  one,  the  required  capacity  for  the  fire  sen'ice  is 
to  that  for  the  remaining  st^rvice  as  80  to  1.5. 

If  tile  given  pipe,  1200  feet  long,  is  a  six-inch  pipe,  sup- 
l>lied  at  both  ends,  tlien  the  delivery  for  fin*  at  each  end  is 
forty  cubic  feet  per  minute.  Referring  to  tlie  table  of  fric- 
tional  head,  wo  find  that  tliis  quantity  requires  a  velocity  of 
tlow  of  3.401  feet  per  second,  and  consumed  head,  in  ftdc- 
tion,  at  the  rat^?  of  8.8  feet  per  thousand  feet. 

If  the  80  cubic  feet  i^er  minute  must  all  come  from  one 
end  of  the  pipe,  then  the  pipe  sliould  be  eight  inches  diam- 
eter, in  which  case  the  velocity  will  be  nearly  four  feet  per 
second  and  the  head  consumed  at  the  mto  of  about  eight 
feet  per  thousand  feet  length. 

498.  Requirofl  DiaincterH  for  Fli'c  Hupplien. — 
As  a  general  rule,  tlie  minimum  diametei-s  of  pij^s  for  sup- 
plying given  numbers  of  hydrant  streams,  when  the  given 
pipes  are  one  thousand  feet  long,  and  static  head  of  water 
one  hundred  and  fiity  feet,  are  as  follows; 


DISTRIBUTION    SISTEMS,  AND    APPENDAGEa 


TABLE    No-   106. 
DlAMSTERS  OF   PiPES   FOR  GlV£N   NUMBERS   OF    HoSE    STREAMS. 


Number  of  bov  vtrcAinB 

Approximiit^  toUl  qunntitjr  of  Wftter, 

in  cubic  (cct  per  tuiaute 

Required  diuneter  of  pipe,  tn  iochei.. 

Number  of  hoae  streuns 

AppioxiinAte  totsl  quamiiy  of  wxter. 

In  Lubic  leet  iwr  minuio 

Required  diamcicr  of  pipe,  in  iocfaes 
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If  the  pipes  are  short,  the  velocities  of  flow  may 
incre^ised  Bomewhat,  for  a  greater  ratio  of  loss  of  head 
unit  of  length  is  then  permissible. 

If  the  ]n\ye  is  supplied  from  both  ends,  then  the  number 
of  hose  streams  may  be  doubled  without  increase  of  the 
frictional  head  ;  hence  the  advantage  of  so  distributing  the 
sub-mains  as  to  deliver  a  double  supply  to  as  many  poLn 
as  possible,  for  this  is  equivah^nt  to  doubling  the  caj>aci 
of  the  minor  pipes.    If  the  pipes  are  several  thousand  f( 
long,  and  have  a  large  jtroportionatt*  domestic    draughty 
then  a  due  increase  should  be  given  to  the  diameters. 

4fM).   Diiiilication  Arran^^einoiit  of  Sub-Mains. 
When  ttie  sub-mains  can  be  distiibuted  in  parallel  lines, 
several  squares  distance,  and  *'gi'idirr»ned"  across  bv  Ih 
smaller  service  mains,  as  in  the  plan,  Fig.  113,  or  arranged    i 
in  some  eijuivalent  manner,  then  a  most  excellent  systemfl 
will  be  secured.    In  such  case,  if  an  accident  happens  to  » 
pip*^,  or  vah  <%  or  hydrant,  in  any  centml  location,  therp  artj 
at  least  two  lines  of  sub-mains  around  that  pointy  and  th< 
supply  will  with  ceiliiinty  be  maintained  at  points  lx?\'oniL 

Pipes  are  always  liable  to  accident  in  consequence 
building  excavations,  sewerage  excavations,    sewer 
flows,  quicksand  or  clay  slides,  floods,  and  various  otlieri 
causes  that  cannot  be  foreseen  when  the  pipes  are  laid ;  «ui( 
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when  new  hydrants  are  to  be  attached,  or  large  pipe  con- 
nections to  be  made,  or  repairs  to  be  made,  it  is  frequently 
necessary  to  shut  ofT  the  water.  The  advantage  of  dupli- 
cate lines  of  supply  to  all  points  is  apjiarent  in  such  case. 
"When  a  city  has  become  dependent  on  its  pipes  for  its 
water  supply  and  protectiou  from  fire,  it  is  absolutely  neces- 
sary- that  the  supply  be  maintained,  and  the  ivsult  may  be 
disastrous  if  it  faila  for  an  hour. 

500.  Stop-Valve  System,— It  is  equall}'  advantage- 
ous to  have  a  sufficient  number  of  stop-valves,  or  ■•gates," 
as  they  are  frequently 
termed,  upon  the  pipe, 
so  the  water  may  be  shut 
off  from  any  givL^n  point 
without  cutting  off  the 
supply  from  both  a  long 
and  a  broad  territory,  or 
even  a  very  long  length 
of  pipe.  Tlie  sub-main 
parallelogram  system 
shown  in  the  plan,  Fig. 
113,  permits  of  such  anar- 
ningemeut  of  stop-valves, 
chiefly  of  small  diameters 
and  ineypeusive,  that  an 
accident  at  any  point  will 
not  leave  that  point  with- 
out a  tolerable  fire  pro; 
tection  from  both  sides. 
For  instance,  if  it  is 
necessary  to  shut  off  in  »  •■-v  ■  ;.T..t-vAivc, 

^,  „  ,      r  T?      i.  l*^  D.  Wood  ft  Co.,  PhiUddphU.) 

section  2  a  part  of  East 

Fourth  Street  between  Avenues  A  and  D,  the  hydrants  at 
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the  corners  of  East  Third  and  Fifth  Streets  will  still  he  av^l- 
able.  If  the  gates  art*  placed  at  each  branch  from  the  sub-| 
mains,  and  at  the  intersections  of  the  sub-mains,  as  tht*j 
should  be,  then  an  accident  to  a  sub-main  will  not  neces- 
sitate the  shutting  off  of  any  service-main  joining  it,  for  the 
semce-main  supplies  can  be  maintained  fiT>m  the  opposite f 
ends.  Wherever  cross  service-mains  are  nxjuired,  as  in 
Avenues  B  and  C,  in  Section  3  in  the  plan,  they  may  pass 
under  the  otiier  service-mains  whose  lines  they  cross  and 
have  gates  at  their  end  branches  only,  which  admits  of  their 
being  readily  Isolated. 

501.  Stop-Valve  Locations.— A  systematic  disposi- 
tion of  the  pipes  generally  sliould  be  adopted.  If  the  pines 
are  not  placed  in  the  centres  of  streets,  they  should  be  placed 
with  strict  uniformity  at  some  certain  distance  from  the 
centre  of  the  street,  and  carefully  aligned,  and  nniformly 
upon  tlie  same  geographical  side,  as,  upon  the  northerly  and 
westerly  side.  The  stop-valves  should  be  disposed  also, 
with  rigid  system,  as,  always  in  the  line  of  the  stj'eet  boun- 
dary, the  line  of  the  curb,  or  some  fixed  distance  from  the 
centre  of  the  stn^t.  An  accident  may  demand  the  promptt 
shutting  of  any  gate  of  the  whole  number,  at  any  moment 
of  day  or  night ;  and  if,  perchance,  its  curb-cover  is  liidden 
by  frozen  earth  or  by  snow,  it  is  impoi-tant  to  know  exactly 
where  to  strike  without  first  journeying  to  the  office  and 
searching  for  a  memorandum  of  distanci's  and  bearings. 
Searching  for  a  gate-cover  biiried  under  frozen  earth  is  a 
tedious  operation,  and  it  is  not  always  possible  to  uncover 
eveiy  one  of  several  hundred  gates  after  every  tliaw  and 
every  snow-storm  in  winter. 

Strict  adherence  to  a  system  in  locating  gates  enables 
new  assistants  to  readily  learn  and  to  kuow  the  exact  posi- 
tion of  them  alL 
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Strict  adherence  to  system  in  locating  pipes  is  reqiiisite 
for  the  strict  location  of  gates,  and  pipes  should  be  cut,  if 
necessary,  to  bring  the  gates  to  Iheir  exact  locations.  If  a 
gate  is  a  half-length  of  pipe  out  of  position,  it  may  cost 
several  hours  delay  in  digging  earth  frozen  hard  as  a  sand- 
stone rock,  to  find  the  gate-cover. 

502.  Blow-ofi;  and  Waste  Valves.— When  pipes  are 
located  upon  undulating  ground,  blow-off  valvi^  and  pipes 
will  be  required  in  the  principal  depressions  of  the  mains 
and  eub-mains,  to  flush  out  the  sediment  that  is  dnposited 
from  mitilt<*red  water.  Tlie  diameters  of  the  blow-off  pipes 
may  be  about  lialf  the  diameters  of  the  mains  from  which 
they  branch.  Smaller  wastes  will  answer  for  the  drainage 
of  the  service-main  sections  for  repairs  or  connections,  and 
these  may  lead  into  sewejs,  or  wherever  the  waste-water 
may  be  disposed  of, 

503.  Stop- ViUve  Details.— A  variety  of  styles  of  stop- 
valves  are  now  offered  by  different  manufacture^rs,  and  a 
special  advantage  is  claimed  for  e-ach,  so  that  no  little  prac- 
tical! sagacity  is  required  on  the  part  of  tlie  engineer  to  pro- 
tect his  works  from  the  introduction  of  weak  and  defective 
novelties,  that  may  prove  very  troublesome. 

He  must  observe  that  the  valve  castings  are  so  designed 
as  to  be  strong  and  rigid  in  all  parts,  that  there  are  no  thin 
spots  from  careless  centring  of  cores ;  that  flat  parts,  if  any, 
are  tliickened  up,  or  ribbed,  ho  they  vnll  not  spring  ;  tliat 
the  valve-disks  are  so  supported  as  not  to  spring  under 
great  pressures,  and  that  they  and  their  seats  are  faced  with 
good'  qualities  of  bronze  composition  and  smoothly  scraped, 
ground,  or  planed,  and  that  they  will  not  stick  in  tlieir 
seats ;  that  the  valve-stems  are  particularly  strong  and  stiff, 
with  strong  square  or  half-V  thivads,  and  that  they  and 
their  nuts  are  of  a  tough  bronze  or  aluminum  composition, 
33 
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Ludlow's  Sror-VALVH— (Lndlow  Mumftctunng:  Co.,  TrDv)< 

Pigs.  114  to  119a  illustrate  the  principal  featnres  of 
valves  that  have  been  well  hit  rod  need. 

A  majority  of  the  good  valves  have  double  disks,  that 
are  self-adjusting  upon  their  seats,  and  their  seat^  an? 
slightly  divergent,  so  tliat  the  pressure  of  the  screw  can  set 
the  valve-disks  snug  upon  the  seats. 

The  loose  disks  should  have  "but  a  slight  rocking  move- 
ment between  their  guides,  and  must  not  be  permitted  to 
chatter  when  the  valve  is  partially  open. 

The  blow-off  valves  may  be  solid  or  single-disk  valves, 
but  the  valves  in  the  distribution  must  be  tight  against 
pressure  from  both  and  either  sides,  whether  the  difference 
of  pressure  upon  the  two  sides  be  much  or  little. 

Valves  exceeding  twenty  inches  diameter  are  usually 
placed  upon  their  sides,  except  in  chamlxTS,  and  the  disks 
have  lateral  motions,  or  sometimes  the  valve-cases  are  so 
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arranged  that  the  disks  have  vertical  downward  motions. 
Otherwise  tlie  water  iii  tlie  valve-domes  would  be  too  much 
exposed  to  frost  in  winter,  as  it  would  rise  nearly  to  the 
^;rouiid  surface. 

504.  Valve  Ciirbs. — ^The  stop-valve  curhs  are  some- 
times of  chestnut  or  pitch-pine  plank,  with  strong  castr-iron 
covei-s,  and  sometimes  of  castriron,  placed  upon  a  founda- 
tion of  bricks  laid  in  cement. 

Tlie  plank  curbs  are  about  eighteen  by  twenty-four 
inches  dimensions  at  top,  flaring  downward  according  to 

Fio.  1^ 


M^ 


the  size  of  the  valve,  and  they  are  often  of  such  dimensions 
as  to  admit  a  man,  with  room  to  enable  him  conveniently  to 
lenew  the  packing  abont  the  valve-stem. 
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The  castriron  curbs  are  usually  elliptical  in  section. 
The  writer  lias  used  in  several  cities,  for  the  smaller  gates, 
up  to  twelve  inches  diameter,  circular  curbs  (Fig.  120i  of 
beion  coiQiiety  with  irast-irou  necks  and  covers-  The  neck  is 
six  inches  clear  dianiet*^r  at  the  road  surface,  fifteen  to 
eighteen  inches  deep,  according  to  tlie  size  of  the  valve,  and 
flares  to  the  size  of  the  cement  curb,  which  is  just  large 
enough  to  slip  over  the  dome-tlange  of  the  valve-case.  The 
cement  curb  rests  upon  a  foundation  of  brick  or  stone  laid 
in  cement  mortar. 

When  these  are  ])aved  about,  the  whole  surface  exposed 
is  only  seven  and  one-half  inches  diameter,  and  they  ai« 
not  as  objectionable  in  the  streets  as  the  lai^r  covers. 

All  gate-curbs  must  be  thorouglily  di'ained,  so  that 
water  cannot  stand  in  them,  and  freeze  in  winter. 

505i  Fire-lly*lraats.— The  design  of  a  fire-hydrant 
that  is  a  success  in  every  particular  is  a  great  achievement. 
It  ranks  y^r^  nearly  with  tliu  design  of  a  successful  water- 
meter. 

Nearly  every  speculative  mc^clianic,  it  would  seem,  who 
has  had  employ  in  a  machine-shop  for  a  time,  has  felt  it 
his  duty  to  design  the  much-needed  successful  hydrant ;  as 
so  many  doctors  and  lawyers  have  grappled  with,  and 
believed  for  a  time,  that  they  had  solved  tlie  great  meter 
problem. 

Innumerable  patterns  of  hydrants  are  urged  upon  water 
companies  and  engineers,  and  are  accompanied  by  an 
abundance  of  certificates  setting  forth  their  excellence  ;  and 
niaay  of  them  have  good  pointij  and  will  answer  all  practi- 
cal puri>oses  until  an  emergency  comes,  when  they  fail,  and 
the  experiment  winds  up  with  a  loss  that  would  have  i^d 
for  a  thousand  reliable  hydrants. 

A  considerable  practical  experience  with  hydrants,  and 
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an  expert  knowledge  of  tlie  qualities  demanded  in  the 
design  and  materials  of  a  hydi-ant,  are  necessar}*^  to  enable 
one  to  judge  at  sight  of  the  value  of  a  new  pattern. 

iiOO.  I'ost-llyilnints.— In  the  smaller 
towns  and  in  the  suburbs  of  cities,  post- 
hyflrants^  of  which  Fig.  121  illustrates  one 
pattern,  are  more  generally  preferred,  as 
they  are  more  readily  found  at  night,  and 
are  usually  least  exi)en8ive  in  first  cost 

They  are  placed  on  the  edge  of  the 
sidewalk,  and  a  bmnch  pipe  from  the 
sei-vice  main  furnishes  them  with  their 
water.  If  the  service  main  is  of  suffiinent 
capacity,  the  post-hydrant  may  have  one, 
two,  three,  or  four  nozzles.  In  cities  where 
steam  lire-enginos  are  used,  a  large  nozzle 
is  added  for  the  steamer  supply,  and  if 
there  is  a  good  he^d  pressure,  two  nozzles 
are  usually  supplied  for  attaching  leading 
host*. 

For  the  supply  of  two  liose  streams,  or 
a  steamer  throwing  two  or  more  streams, 
the  hydrant  requires  a  six-inch  branch 
pipe  from  the  service  main,  and  a  valve  of 
equal  caj>acity.  The  supply  to  post-hy- 
drants has  too  often  been  throttled  down, 
when  there  was  no  head  pressure  to 
spare,  and  the  effectiveness  of  the  hy- 
dnint  very  much  n*duced  thereby. 

507.   Hydrant  Details, — In  New 
England  and  the  Northern  States,  a 
frosf^case  is  a  necessary  appendace  to        Mat«bw»  HvoRAjft— 
post-hydrant,  and  it  must  be  free  to  Phii»deipw*). 
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move  up  and  down  with  the  expansion  and  contraction 
the  earth,  without  straining  u^mju  the  hydrant  1mis«».  In 
clayey  soils,  these  frost  cases  are  often  lifted  several  inches 
in  one  winter  season,  and  if  the  jiost  is  not  snppliod  with 
the  movable  case  in  such  Instances,  it  is  liable  to  be 
asunder. 

A  waste-valve  must  be  provided  in  every  liydrant 
will  with  certainty  drain  the  hydrant  of  any  and  all  wa 
it  contains  as  soon  as  the  valve  is  closed,  and  the  waste 
must  close  automatically  as  soon  as  the  valve  be^ns  to 
open. 

The  main  valve  must  be  positively  tight,  or  ^reat  trouble 
will  be  experienced  with  tin*  hydrant  in  si^vere  winters.  A 
moderate  leakage,  as  in  some  stop-valvee,  cannot  be  per- 
mitted. A  free  tlrainage  must  be  provided  to  pass  awa 
the  waste  wat4'r  from  the  hydrant,  or,  if  tlie  hydrant  is  fre- 
quently opened,  for  testing  or  use,  the  ground  will  soon 
come  saturated  and  the  hydrant  cannot  properly  drain. 

If  the  valve  closes  "with"  the  pressure  there  must  be 
no  slack  motion  of  its  stem,  or  when  the  valve  is  being' 
closed  and  bas  nearly  readied  its  seat,  the  force  of  the  cur- 
rent will  throw  it  suddenly  to  its  seat  and  cause  a  severe 
water-ram. 

The  screw  motion  of  hydrant  valves  must  be  such  tliat 
the  hydrant  cannot  be  suddenly  closed,  or  with  less  thaa 
ten  compk'te  revolutions  of  the  screw.  Tlie  valves  should 
move  slowly  to  their  seats  in  all  ciisi^s,  as,  if  several  h^nliant^. 
hapi>en  to  be  closed  simultaneonaly,  the  water-ram  caused' 
thereby  may  exert  a  great  strain  upon  the  valves,  and  the 
shock  will  be  felt  to  some  extent  throughout  the  whole 
system  of  pii>es.  Tlie  sudden  closing  of  a  hydrant  ma; 
make  a  gauge,  attached  to  the  pipes,  that  is  more  than 
mile  distant,  kick  up  fifty  or  sixty  pounds. 
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If  a  hydrant  branch  is  taken  from  a  main-pipe  or  sub- 
main,  there  should  be  a  stop-valve  bt*tweeu  the  main  and 
liydraut,  so  the  hydrant  may  be  repaired  without  shutting 
of!'  the  flow  through  the  main. 

In  1874  the  writer  made  some 
measurements  of  the  quantities  of 
water  delivered,  under  different 
heads,  tlirougli  Boston  Machine 
Co.  Post  Hydrants,  which  are  sim- 
ilar in  form  to  the  Matliewa  Hy- 
drant (Fig.  121).  Tlie  volume  of 
water  was  measured  by  passing  it 
tlirough  a  3-i7ich  Union  watt* r-meter, 
which  was  connected  to  each  hy- 
di*ant  by  a  length  of  fm?-ho8e. 

The  length  of  hose  between  the 
hydrant  and  meter  in  each  and 
every  experiment  was  49  feet  10 
inches.  Tiie  bores  of  the  hydrant 
nozzles  and  of  the  hose  and  meter 
couplings  were  two  and  one-quar- 
ter inches  diameter.  The  hydrant 
brajiches  were  six  inches  in  di- 
ameter, and  hydrant  barrels  four 
and  one-half  inches  diameter.  The 
lengths  of  hose  given,  following, 
were  in  all  cases  beyond  the  meter, 
and  were  attached  to  the  meter. 

The   hydrant    was    filled    with 
water  and  pressure  without  flow,  taken  by  a  gauge  just 
previous  to  tlie  beginning  of  each  test. 

The  following  tests,  at  different  elevations,  covers  a  range 
of  head  pressures  between  42  feet  and  183  feet : 


FLUSH    HVOXANT. 
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TABLE     No.    107. 
Experimental  Volumes  of  Hydrant   Streams. 


I, 


Rjuuutics, 


A.    42  Feet  Head. 

Open  nozzle  of  meter,  aj  inch  diameter 

Z  inch  nozzle  attached  to  meter 

>7      II  ii  11  «•        ■• 

il     "        "         on    55  feet      ^  inch  of  hose. 

i\ io8    "     Hi 

Open  butt  of  io8    '*     ii^ 


l>efore 
test.  Ibft. 


18.23 


B.    ItO  Feet  Head. 

Open  nozzle  of  meter,  ii\  inch  diameter « ,;     47.74 

li  inch  nozzle  attached  to  meter  

i{     "  '*       on    53  feet  II    inches  of  hose * 

ij     "  "        "    108    "     Xl^      "        '•      -    


C.    1S6.D  Feet  Head. 
Open  nozzle  of  meter,  2}  inch  diameter. 

i\  inch  nozzle  aiiached  to  meter 

I  j     "         "       on  55  feet  \  inch  of  hose. . 


D.     IB3.18  Feet  Head. 
Ik  inch  nozzle  on    55  feet  10    inches  of  hose 


Open  butt  of 


ro8 
i6a 
i6a 


59-34 


7Q.5 


I>etirtfT 

cu.  ft. 

per  minute. 


ao.376 
9-372 

13. • 

1 1 -38a 


4O.OQO 
34.666J 
21.276' 
30.408 


43.974 
24-390 
23-526 


27.648 

25  974 
24.648 
33.67a 


508.  Flush  llydruiitH,— A  style  of  flush  hydrant,  that 
may  be  placed  under  a  paved  or  flagged  sidewalk,  near  the 
edge,  is  shown  in  Pig.  122.    This  style  may  have  one,  two 
or  three  fixed  nozzles. 

Figs.  123  and  124  ilhistrate  a  style  of  hydrant  with  a 
portable  head.  This  style  is  manufactured  under  the 
Lowry  patent.  It  is  designed  to  be  placed  at  the  intersec- 
tions of  mains,  in  the  street,  or  in  the  line  of  a  main,  but 
may  be  placed  in  tlie  sidewalk.  In  either  case  it  is  placed 
within  an  independent  curb,  and  the  cast-iron  case  riaes 
about  to  the  surface.  Tlie  portable  head  is  of  brass  and 
composition,  nicely  finish*?d,  as  light  as  is  consistent  with 


Fro.  123. 


F!G    124. 


LOWRY'S  FLUSH   HYDRANT. -<Bo9toa  Machine  Co.,  Boston.) 
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H  stnMigth,  and  is  usually  carried  upon  the  steamer  or  the 
^m  Loae  carriage.  It  has  any  desired  number  of  nozzles,  from 
^1  one  to  eight,  each  of  which  has  its  independent  supplemen- 
^1^    tary  valve. 

^^^P  In  the  centre  of  the  portable  head  ia  a  revol\-iiig  key  that 
^^^^    operates  the  main  valve  stem. 

^1  509.  Gatc^  llydniuts.— A  variety  of  metallic  "gate'' 

^1  hydrants  have  been  ijitroduced,  from  time  to  time,  and  had 
^m  a  brief  existence,  but  the  majority  of  them  have  been  soon 
H  abandonetl.  The  most  minute  particle  of  grit  upon  their 
H  '  faces  gives  trouble,  and  they  are  much  more  likely  to  stick 
^ft  than  valves  of  good  sole-leather  or  of  rubber  properly  pn^ 
^B  pait^,  and  clamped  between  metallic  plates.  Gate  hA'drants 
H  of  good  design  and  excellent  workmanship,  should  be  fully 
^B  successful  with  filtered  water. 

H  The  rubbor  of  valves  requires  to  be  very  skillfully  tem- 

H         pered,  or  it  will  hi)  too  soft  or  too  hard.     It  hardens,  also 
H         as  the  temperature  of  the  water  lowers. 

H  510.  Hifjfh  Pressures.— But  a  few  years    Bince  the 

^H  maximum  static  strain  upon  hydrants,  in  |inblic  water 
^m  Bupplicy,  did  ni>t  exceed  that  of  a  hundn*d  and  fifty  feet 
H  head,  and  the  majority  of  the  hydrants  iu  each  system  had 
^m  not  over  one  hundred  feet  pressures  when  the  water  wast  at 
^M  rest.  Hand  or  steam  fire-engines  were  necessities  in  such 
^B  casf»s,  and  the  pipt^s  were  so  small  that  oft<»n  the  engines 
H  had  to  exert  some  suctions  on  tlio  pipes  to  draw  their  full 
^r  supplies.     Now  the  values  of  pressure  that  will  permit  six 

or  eight  effective  streams  to  be  taken  direct  from  the  by- 

Ldrants  in  any  part  of  the  system  is  mow*  fully  appreciated, 
and  direct  pumi>ing  pressures  equivalent  to  three  or  four 
hundred  feet  head  are  not  uncommon.  The  effect  upon  the 
hydrants  is,  however,  a  greatly  increased  strain  which  they 
n 
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511.  Air- Valves,  —  All  water  contains  some  atmos- 
pheric air.  VVlien  water  lias  passed  through  a  j)uuiping- 
engine  into  a  force-main  under  great  pressui-e,  it  absorbs 
some  of  the  air  in  the  air- vessel  If,  then,  it  is  forced  along 
a  pipe  having  vertical  curves  and  summits  at  different 
])oints,  it  parts  with  some  of  the  air  at  tliose  suTiniiits.  In 
time,  sufficient  air  will  accuniulate  at  each  summit  to  oc- 
cupy a  considerable  part  of  the  sectional  area  at  tliat  point, 
and  it  will  continue  to  accumulate  until  the  velocity  of  the 
water  is  sufficient  to  carry  the  air  forward  down  tlie  incline. 

At  such  summits  an  air-valve  is  requin^d  to  let  off  the 
accumulated  air,  as  occasion  requires.  Also,  when  the 
water  is  drawn  off  from  the  pipes,  as  for  repairs  or  any 
other  purpose,  there  is  always  a  tendency  to  a  vacuum  at 
the  summits  if  no  air  is  supplied  ther*> ;  and  if  the  pipes  are 
not  thick  and  rigid,  they  may  collapse  in  consequence  of 
the  vacuum  strain,  or  exterior  pressure. 

When  pipes  are  being  tilled,  there  should  always  be 
ample  escape  for  the  air  at  tiie  summits,  or  tlie  air  contained 
in  the  pipes  will  be  compressed  and  recoil,  again  be  still 
more  compressed  and  again  recoil  with  greater  force,  shoot- 
ing the  column  of  water  back  and  forth  in  the  pipe  with 
enormous  force,  and  straining  every  joint. 

In  the  distribution,  hydrants  are  usually  located  upon 
summits,  and  in  such  case  will  perform  the  functions  of 
air-valves. 

K  a  stop-valve  is  inserted  in  an  inclined  pipe,  and  is 
closed  during  the  filling  of  the  section  immediately  below  it, 
it  makes  practically  a  summit  at  that  point,  and  an  air- 
valve  or  vent  will  be  required  thei-e. 

.  An  air  and  vacuum  valve,  for  summits,  may  with  advan- 
tage be  combined  in  the  same  fixture,  the  air-valve  motion 
being  positive  in  action  for  the  purpose  of  an  air-valve. 
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opening  against  the  pressure,  but  automatic  as  a  vacui 
valve,  o]M?ning  fi-eely  to  the  pressure  of  the  atmosphere. 

Fig.  125  is  a  com- 
bined air  and  vacuum 
valve  desired  by  the 
writer,  and  used  in  sev- 
eral cities  with  success. 
A  two-iiicb.  air- valve 
answers  tolerably  for 
four,  six,  eight,  and 
t^n  inch  pii>ea,  but  for 
large  pipes  a  special 
branch  with  stop-valve 
may  be  used.  ■ 

Great   care    should 
bo  exercised  in  filling 
pipes  with  water,  and 
tlie  water  should   not 
be     admitted      faster 
than  the  air  can   give 
place  to  it  by  issue  at 
the  air- valves,  or  open 
liydmnt  nozzles,  with- 
out   reactionary    con- 
vulsions. 
512,    Union  of  Hi^h    nnd   Low    Services. — Many 
cities  liave  liigh  lands  within  their  built^ip  limits  tliat  are 
so  mnch  elevated  above  the  general  level  that  it  is  a  matter 
of  convenience  tty  divide  the  distribution  into  '' A?/?//  "  and 
^^low  services,^^  and  to  give  to  each  its  independent  reservoir. 
In  such  case  the  tenefit  of  the  pressure  of  the  high  reser- 
voir may  be  secured  in  the  low  system  in  case  of  a  large 
fire,  by  simply  opening  a  valve  in  a  branch  connecting  the 
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two  systems.  A  check-valve,  Pig.  126,  will  be  required  in 
the  effluent  pipe,  or  supply  main  from  the  lower  reservoir 
to  prevent  tlie  flow  back  into  the  lower  reservoir. 

A  weighted  valve,  automatic  in  action,  may  also  be 
placed  in  the  branch  connecting  the  two  systems,  and  then 

Fio.  126. 


in  case  of  an  accident  lo  the  supply  pipe  of  the  lower  sys- 
tem, or  a  malicious  closing  of  its  valvt*,  the  upper  service 
will  maintain  the  supply  at  a  few  pounds  diminished 
pressure. 

K  the  pumps  are  arranged  so  as  to  give  a  direct  increased 
pressure  in  the  lower  system  for  lire  purposes,  then  a  check- 
valve  in  the  branch  connecting  the  two  systems,  oi)cuing 
toward  the  high  system,  will  be  an  excellent  relief  and  pro- 
tection against  undue  pressure. 

513.  Combined  Reservoir  and  Direct  Systems. — 
In  the  plan  of  a  pipe  system,  Fig.  113,  a  pi  jx*  leads  from  the 
pumps  direct  to  the  reservoir,  and  a  SfK'ond  pipe  leads  direct 
from  the  pumps  into  the  distribution,  so  that  water  may  be 
sent  either  to  the  reservoir  or  to  the  distribution,  at  will. 
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A  branch  pipe  connects  these  two  pipes  so  as  to  supply  the 
distribution  from  the  force  main.  ■ 

A  ciiock-valve  opening  toward  the  distribution  is  placed 
in  tliis  bniiu^h.     If  a  lire-pressure  is  put  upon  tUe  distribu- 
tion through  the  direct  pipe  tliis  valve  pi-events   the  liow  ^ 
back  toward  the  reservoir,  but  upon  the  reduction  of  the  | 
fire-pn?89ure  it  comes  inUy  actiou  and  niaiutains  the  supply 
to  the  dislribuilon  from  tlie  reservoir. 

For  additional  security  against  unforseen  contingencies, 
another  i>ipe  may  h»ad  from  tlie  reseiToir  to  one  of  the  prin- 
cipal sub-mains,  as  shown  in  the  plan,  when  the  relative 
positions  of  the  reservoir  and  distribution  permits,  and  this 
pipe  may  conhiin  in  the  <?tflnrnt  cliambt^r  a  check-valve 
against  lire-pressure  and  a  weighted  relief- valve  to  prevent  m 
undue  pressure.  | 

In  the  reservou"  plan,  Fig,  58  (page  333),  the  force  and 
supply  mains  are  shown  to  be  connected  by  a  pipe  passing 
along  th(^  aide  of  the  reservoir,  so  that  the  water  may  be  sent 
from  the  pumps  dinM»t  into  thti  distribution.     The  supply-  _ 
main  has  a  check-valve  in  the  effluent  chamber  in  this  case.  | 

A  combined  reservoir  and  direct  pressure  systc^m  snb- 
fltantially  like  that  of  Fig<  113»  including  high  and  low  ser- 
vices, way  desigiunl  by  th*^  writer  for  one  of  the  large  Nevr 
England  citit^s  in  1872,  and  the  same  was  constructed  with  the 
exception  of  the  high  service  reservoir,  m  the  two  following 
seasons. 

514.  8taiid-PIpes,— Several  of  the  American  cities, 
whose  resen-oirs  are  distant  from  their  pumping;  stations, 
have  jjlaced  a  stand-pipe  upon  their  force-main,  to  equaliase 
tlie  resistance  against  the  pumps,  as  in  St.  Lonis,  Louis- 
ville, and  Milwaukee.  Other  cities  use  tall  open-topped 
stand-pipes  witliout  reservoirs,  when  no  jiroper  site  for  a 
reservoir  is  readily  attainable,  as  at  Chicago  and  Toledo. 

All  the  American  staud-pipt^s  now  in  use  are  of 
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ingle  leg  class.    The  city  of  Sandusky,  Ohio,  has  now 
(Nov.  1870)  in  process  of  construction  a  tank  stand-pipe  of 
26  feet  diameter  and  208  feet  height,  sun-ounding  a  di'livery 
stand-pipe  of  3  feet  diameter  and  226  fuel   lieight.    Tliis 
tank  is  being  built  up  of  riveted  metal  plates,  from  designs 
ftby  J.  D.  Cook,  Esq.,  chief  engineta*.     In  Europe,  the  stand- 
pipes  are  more  frequently  double-legged,  witli  connections 
•between  the  up  and  down  legs  at  int^-iTals  of  lieight. 
The  stand-pipes  as  generally  used,  serve  as  partial  snb- 
etitutes  for  i-elief-valves  combined  or  acting  in  conjunction 
Tuith  tall  and  capacious  air-chambers.    The  surface  of  th** 
water  in  the  stand-^npes  vibmtes  up  and  down  according  to 
tlie  rate  of  delivery  into  them  from  the  jjumps,  and  tlie  rate 
of  draught,  if  the  main  over  which  they  are  placed  is  con- 
Hiiected  with  the  distribution.     In  northern  cities  it  is  neces- 
^■H^  that  they  be  housed  and  protected  from  frost, 
V^      The   Boston   Highlands   Stand-]»ijM*  (pagn   161)   stands 
"upon  an  eminence  168  feet  above  tide,  is  of  wrought-iron, 
and  is  80   feet  liigh,  and  6  feet  interior  diameter.     It  is 
inclos<*d  in  a  masonry  tower, 
H       Tlie  Milwaukee   stand-i>ipe  (page  25)  rises  to  210  fei't 
above  Lak**  Michigan,  and  the  Toledo  stand-jnpe  (i>age  31) 
^  to  260  fc*4»t  above  Maumee  River. 

■  515.  Frictloiml  Heads  in  Service-Pipes.— The  fol- 
lowing shows  the  frictUmal  head  in  clean,  smooth  service- 
pipes,  with  given  velocities,  for  each  oue-Tvundfedfeet  length. 

•  The  numbers  of  the  first  column  aiv  the  given  velo<'itit»K 
in  feet  i>er  second.  The  second  column  gives  tiie  head, 
which  is  neceqsary  to  generate  the  given  velocities  opposite. 

■  In  the  first  column,  under  each  of  the  given  diameters 
from  i  inch  to  4  inches,  is  the  volume  of  flow,  at  its  given 
velocity ;  in  the  next  column  the  corresponding  coefficitMit 
of  fnction  ;  and  in  tlie  next  column  the  frictional  head  pei* 
;each  one  hundred  feet  length  at  its  given  velocity. 
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TABLE    No.   108  — (Continued). 
Frictional  Head  in  Service  Pipes  (in  each  loo  feet  length). 
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CLARIFICATION   OF  WATER. 

610.  Rarity  of  Clear  Waters.— A  small  but  favored 
minority  of  the  American  cities  liave  the  good  fortune  to 
iind  an  abundant  supply  of  water  for  their  domestic  pur- 
poses, within  their  reach,  that  remains  in  a  desirable  state 
of  transparency  and  linipidity. 

The  origin  and  character  of  the  impurities  that  are 
alraoBt  universally  fuuud  in  suspension  in  large  bodies  of 
water,  have  been  already  discussed  in  the  chapters  devoted 
to  ** Impurities  of  Water"  (Chap.  ^III),  and  to  "Supplies 
from  Lakes  and  Ri%'ers"  (Chaj).  IX) ;  so  tliere  remains  now 
for  investigation  only  the  methods  of  separating  the  foreign 
matters  before  pointed  out. 

517.  Floating  Debris, — Tlie  running  rivers,  that  are 
subject  to  floodsj  bring  down  all  manner  of  floating  debris, 
from  tlie  fine  meadow  grasses  to  huge  tree-trunks,  and 
buiidiuga  entire.  These  are  all  visible  matters,  that  remain 
upon  the  surface  of  the  water,  and  ihe'iT  separation  is 
accomplished  by  the  most  simple  mechanical  devices. 

Coarse  and  tine  racks  of  iron,  and  fine  screens  of  woven 
copper  wire  ai-e  efiectual  intercepters  of  such  matters  and 
prevent  their  entrance  into  artificial  water  conduits. 

518.  Mineral  Sediments. — Next  among  the  visible 
sediments  may  be  classed  the  gravelly  pebbles,  saud,  disin- 
tegrated rock,  and  loam»  that  the  eddy  motions  contimiaJly 
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toss  up  &OIU  the  channel  bottom,  and  the  current  bears 
forward. 

These  are  not  intercepted  by  ordinary  screens,  but  are 
most  easily  separated  from  the  water  by  allowing  them 
quickly  to  deposit  themselves,  in  obedience  to  the  law  of 
gravitation,  in  a  basin  where  the  waters  can  remain  quietly 
at  rest  for  a  time. 

When  the  water  is  received  into  large  storage  reservoirs, 
it  ia  soon  relieved  of  these  heavy  sedituentary  matters,  by 
deposition ;  and  a  season  of  quietude,  even  though  but  a  few 
hours  in  duration,  is  a  valuable  preparation  for  succeeding 
stages  of  clarification. 

Next  are  more  subtle  mineral  impurities,  consisting  of 
the  most  minute  particles  of  sand  and  finely  comminuted 
clay,  which  consume  a  fortnight  or  more,  while  the  water  is 
at  rest  in  a  confining  basin,  in  their  leisurely  meanderings 
toward  the  bed  of  the  bashi. 

If  these  mineral  grains  are  to  be  removed  by  subsidence 
for  a  public  wutt-r  sujiply,  the  subsidence  basin  must 
usually  be  large  enough  to  hold  a  three-weeks  supply,  and 
must  be  narrow  and  deep,  so  the  winds  will  stir  up  but  a 
comparatively  thin  surface  stratum,  and  also  so  the  exposed 
water  will  not  be  heated  unduly  in  midsummer. 

619.  Orj^iiiic  8edimeiit8t — Next  are  tlie  organic  frag- 
ments, including  the  disintegrating  seeds,  leaves,  and  stalks 
of  plants,  the  legs  and  tnmks  of  insects  and  Crustacea*  and 
the  macerated  I'efuse  from  the  mills. 

All  these  have  so  nearly  the  same  specific  gravity  as  the 
water,  that  they  remain  in  suspension  until  decomposition 
has  removed  so  mucli  of  their  volatile  natures  that  the 
mineral  residues  can  finally  gravitate  to  the  bottom. 

If  these  are  to  be  removed  by  subsidence,  the  basin  must 
hold  several  months  supply,  at  least,  and  be  so  fonued 
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and  protected  as  to  neither  generate  or  receive  other  un- 
piirities. 

In   addition,  are   the  innumerable  throngs    of  liviiii 
creatures  that  people  the  ponds  and  streams,   and  th« 
6|)a\vns.    These  cannot  be  i-emoved  by  subsidence  dnrinj 
their  active  existence,  and  reproduction  maintains  alwaj 
their  numbers  good. 

5'iO.  Organic  Solutions,— Still  more  subtle  tlian 
the  above  impurities,  that  remain  in  suspension^  are 
dissolved  organic  matters  that  the  water  takes  into  solulk 
These  include  the  dissolvtMi  remains  of  animate  ci 
dissolved  fertilizers,  and  dissolved  sewage. 

All  the  former  may  be  treated  mechanicaUy  with  toler- 
able success,  but  the  latter  pass  tlirough  the  tinest  filteis   , 
and  yield  only  to  chemical  transformations.  fl 

521.  Xaturiil  Processes  of  Clarifieation. — Nature's  ■ 
process  for  removing  all  these  impurities,  to  fit  the  water 
for  the  use  of  animals,  is  to  pass  them  through  the  pores  of 
the  soil  and  fissures  of  the  rocks.  The  soil  at  once  removes 
the  matters  in  suspension^  and  they  become  food  for  the 
plants  that  grow  upon  tlie  soil,  and  are  by  the  plants  reco 
verted  into  their  original  elements.  The  minerals  of  th 
soil  reconvert  the  organic  matters  in  solutiO'n  into  oth- 
combinations  and  separate  them  from  the  water. 

532.  Chemical  I^rocesses  of  Clarification. — ^Arti- 
ficial chemical  processes,  more  or  less  snccessful  in  their 
action,  have  been  employed  from  the  remotest  a^s  to  eep-' 
arate  quickly  the  fine  earthy  matters  from  the  waters  of 
running  streams.  The  dwellers  on  the  banks  of  strearosj 
who  had  no  other  water  supply,  treated  them,  each  fo 
themselves,  and  in  like  manner  have  others  treated  the  rain 
waters  which  they  cauglit  upon  their  roofe,  when  they  had 
no  other  domestic  supplies. 
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Many  centnries  ago  the  Egyptians  and  Indians  had  dis- 
covered that  certain  bitter  vegetable  8ubsitanee«  which  grew 
around  them  were  capable  of  hastening  the  clarification  of 
the  waters  of  the  Nile,  Ganges,  Indus,  and  other  sediment- 
ary streams  of  their  countries. 

The  Canadians  have  long  been  accustomed  to  purify 
rain-water  hy  introducing  powdered  alum  and  bonix,  in 
the  proportiona  of  3  ounces  of  each  to  one  barrel  (31 J  gals.) 
of  water ;  and  alum  is  used  by  dwellers  on  the  banks  of 
the  muddy  Mississippi  to  precipitate  its  clay.  Arago  ob- 
served also  the  prompt  action  of  alum  ui>on  the  muddy 
water  of  the  Seine.  One  part  of  a  solution  of  tdura  in  fifty 
thousand  parts  of  water  results  in  the  production  of  a  floo- 
culent  precipitate,  which  carries  down  the  clayey  and 
organic  matters  in  suspension,  leaving  the  water  perfectly 
clear. 

Dr.  Gunning  demonstrated  by  many  experiments  that 
the  impure  waters  of  the  river  Maas,  near  Rott*^*rdum,  could 
bo  fully  clarified  and  rendered  fit  for  the  domestic  supply 
of  the  city,  by  tlie  introduction  of  .032  gramnu.'  of  p4'r- 
chloride  of  iron  into  one  liter  of  the  water.  The  watery  of 
the  Maas  are  very  turbid  and  contain  large  proportions  of 
organic  matter,  and  they  often  produce  in  those  visitors  who 
are  not  accustomed  to  their  use,  diarrhojas,  with  other  un- 
pleasant sjTuptoms. 

Dr.  Bisclioff,  Jr.,  patented  in  England,  in  1871,  a  process 
of  removing  organic  matter  from  water  by  using  a  filter  of 
spongy  iron,  prepared  by  heating  hydrated  oxide  of  iron 
with  carbon.  The  water  is  said  to  be  quite  perceptibly 
impregnated  with  iron  by  this  process,  and  a  copious  pre- 
cipitate of  the  hydrated  oxide  of  iron  to  be  afterwards 
separated. 

Horsley's  patent  process  for  the  purification  of  water 


634 


CLARIFICATION    OF    WATER. 


covers  the  use  of  oxalate  of  potassa,  and  Clark's  the  use  of 
caustic  lime. 

Mr.  Spencer  has  used  in  England  with  great  snccess,  ia 
connection  with  sand  filtration,  the  crushed  grains  of  a  car- 
bide of  iron,  pn^paivd  by  n^isting  red  hematite  ore,  mixed 
with  an  equal  part  of  sawdust,  in  an  iron  retort.  This  he 
mixes  with  one  of  the  lower  sand  strata  of  a  sand  filter,  and 
its  office  is  to  decompose  the  organic  matters  in  solution  in 
the  water.  The  cai'bide  is  said  to  perform  its  office  thor- 
oughly sevei:al  years  in  succession  without  renewal.  Mr. 
Spencer's  process  may  be  applied  on  a  scale  commensurate 
with  the  wants  of  the  largest  cities,  and  has  "been  adopted 
in  several  of  the  cities  of  Great  Britain, 

Dr.  MedlcK^k  was  requested  by  the  Water  Company  of 
Amsterdam  to  examine  the  water  gatliered  by  thera  from 
the  Duiies  near  Haarlem,  for  delivery  in  the  city.  The 
water  had  a  peculiar  '*lish-like"  odor,  and  after  standing 
awhile,  deposited  a  i-eddish-brown  sediment. 

Under  the  microscope,  the  deposit  was  seen  to  consist  of 
the  filaments  of  decaying  alga^,  confervae,  and  other  micro- 
scopic plants,  of  various  hues,  from  green  through  pale- 
yellow,  orange,  red,  browTi,  dark-brown,  to  black.. 

The  Doctor  found  the  open  water  channels  lined  with  a 
luxuriant  growth  of  aquatic  plants,  and  the  channel-bed 
covered  with  a  deposit  of  black  decaying  vegetal  matter. 
He  discovered  also  that  the  reddish-brown  sediment  was 
deposited  in  greatest  abundance  about  the  iron  sluice-gates. 
Copjier,  platinnm,  and  lead,  in  finely-divided  states,  were 
known  by  him  to  have  tlie  power  of  converting  ammonia 
into  nitrous  acid,  and  he  was  led  to  suspect  that  iron  pos- 
sessed the  same  power.  Experiments  with  iron  in  various 
states,  and  finally  with  sheet-iron,  demonstrated  that  strips 
of  iron  placed  in  water  containing  ammonia,  or  oreanic 
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matter  capable  of  yielding  it,  acted  almost  as  energetically 
aa  the  pulverized  metal.  The  organic  matters  of  the  Thames 
water  iu  London,  and  the  Rivington  Pike  water  in  Liver- 
pool, as  well  as  the  Dune  water  in  Amstei'damj  were  found 
to  be  completely  decomposed  or  thrown  down  by  contact 
with  iron,  and  the  iron  acted  effectually  when  introduced 
into  the  water  in  strips  of  the  sheet  metal  or  in  coils  of  wire. 
This  simple  and  easy  use  of  iron  may  be  employed  in  sub- 
sidence basins  or  resen'oirs  on  the  largest  scale  for  towns, 
as  woU  as  on  a  smaller  scale  for  a  single  family. 

The  results  of  tliese  experiments  with  Iron  were  consid- 
ered of  such  great  hygienic  and  national  importance  by  Dr. 
Sheridan  Muspratt  that  he  has  put  an  extended  account  of 
them  on  record.* 

523,  Charcoal  Process,— The  charcoal  plate  filters 
pn^pared  under  the  patent  of  Messrs.  F.  H.  Atkins  &  Co., 
of  London,  have  not  been  introduced  here  as  yet,  so  far  as 
the  writer  is  informed. 

The  valuable  chemical  and  mechanical  propeities  of 
animal  charcoal  for  the  purification  of  water  have  long  been 
recognized,  and  it  was  the  practice  in  tlie  construction  of  the 
early  Englislj  filter-beds,  as  prepared  by  Mr.  Thorn,  to  mix 
powdered  charcoal  with  the  fine  sand. 

If  there  is  eitlier  lime  or  iron  in  the  water,  as  there  ia  in 
most  waters,  the  chemical  action  results  in  the  formation  of 
an  insoluble  precipitate  upon  the  grains  of  charcoal,  when 
they  become  of  no  more  value  than  sand,  and  their  action 
is  thenceforth  only  meclianical.  Messrs.  Atkins  &  Co.  have 
devised  a  method  of  overcoming  tliis  difficulty,  in  i)art  at 
least,  by  forming  the  charcoal  into  platt^s,  usually  one  foot 
square  and  thi-ee  inclies  thick,  and  so  firm  that  their  coated 
surfaces  can  be  scrai>ed  clean.    These  plates  may  be  set  in 

*  Muspratt's  Chemiatiy.  p.  1085,  Vol  U. 
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frames.  Fig.  129,  as  lights  of  glass  are  set  in  a  sash,  and  the  | 
water  be  made  to  flow  through  them.  They  are  compound- 
ed for  either  slower  quick  filtration;  the  dense  plates  (a 
square  foot)  passing  30  to  40  irniK^rial  gallons  per  diem,  the 
j)orous  80  to  ItX)  gallons,  and  the  very  porous  250  to  300 
gallons  per  diem,  when  clean.  The  water  inay  be  first 
passed  thi-ough  sand,  for  the  removal  of  the  greater  part  of 
the  organic  mattere. 

The  use  of  charcoal  has  heretofore  been  confined  almo?t 
entirely  to  the  laboratory^  so  far  as  relates  to  the  purifica- 
tion of  water,  and  animal  charcoal  has  been  found  verv 
much  superior  to  wood  and  peat  coals.  Its  success  haai 
undoubtedly  be»m  dxie  largely  to  its  intermitt+^nt  use  and 
frequent  cleanings  and  opportunities  for  oxidation.  Its 
power  of  chemical  action  upon  organic  mattr»r  is  verr 
quickly  reduced,  and   it   must  be  often  cleaned    to    be 
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efTeotuaJ.  Some  very  interesting  and  valuable  exj^eriments 
to  test  the  purification  powers  of  ciiarcoal  upon  foul  waters, 
were  described  to  the  members  of  the  lustituiiou  of  Civil 
Engineers,  by  Edward  Byrne,  in  May,  1867. 

524.  Inflltnition.— If  any  water  intended  for  a  do- 
mestic supply  is  found  to  be  charged  with  organic  matter 
in  solution,  the  very  best  plan  of  treatment,  relating  to  that 
water,  is  to  let  it  alone,  and  take  the  required  supply  fioni 
a  purer  source. 

The  impurities  in  suspensfon  in  water'  may  best  be 
treated  on  Nature's  plan,  by  which  she  provides  us  with  the 
sparkling  limpid  waters  of  tlie  springs  that  bubble  at  the 
bases  of  the  hills  and  from  the  fissures  in  the  rocks. 

525,  Iiiflltratiou  Basbis.— In  the  most  simiile  natural 
plan  of  clarification,  a  well,  or  basin,  or  gallery,  is  excavated 
in  the  porous  margin  of  a  lake  or  str«?am,  down  to  a  level 
below  the  water  surface,  where  the  water  supply  will  be 
maintained  by  infiltration. 

All  those  streams  that  have  their  sources  in  the  mount- 
ains, and  that  flow  through  the  drift,  formation,  transport  in 
flood  large  quantities  of  coarse  sand  and  the  lesvser  gravel 
pebbles.  These  are  deposited  in  beds  in  the  convex  sides 
of  the  river  bends,  and  the  finer  sands  are  sj)read  u}>ou  them 
as  the  floods  subside.  From  these  beds  may  be  obtained 
supplies  of  water  of  n^markable  clearness  and  traiispan^ncy. 

The  volume  of  wat«T  to  be  obtained  from  such  sources 
depends,  lir»t,  upon  the  j^orosity  of  the  sand  or  gravel  be- 
tween the  well,  basin,  or  gallery,  and  the  main  body  of 
water,  the  distance  of  percolation  requirt»d,  the  infiltmtiou 
area  of  the  well  or  galler}%  and  the  head  of  water  under 
which  the  infilti'ation  is  maintained. 

A  considerable  number  of  American  towns  and  cities 
liave  already  adopt<.»d  the  infiltration  system  of  clarification 
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of  their  public  water  supplies,  and  although  it  is  not 
that  can  be  universally  applied,  it  should  and  will  meet 
with  favor  wherever  the  lix^l  eircumstances  inWte  its  use. 
Attention  has  not  as  yet  become  fairly  attract<.»d  in  America 
to  the  benelits  and  tlie  necessities  of  tiltration  of  domestic 
water  supplies,  and  many  of  the  young  cities  have  been 
obliged  to  make  an  hercideau  effort  to  secure  a  public  water 
supply,  having  even  the  requisite  of  abmidance,  and  they 
have  iK'en  obliged  to  defer  to  days  of  greater  financial 
strength  the  additional  requisite  of  claiification.  A  knowl- 
edge of  the  processes  of  clarification,  which  are  shnple  for 
most  waters,  is  being  gradually  diffused,  and  this  is  a  sure 
pr»>cursor  of  tlie  more  general  acceptance  of  its  benefits. 

In  some  of  tlie  small  west(*m  and  middh*  State  towns, 
the  infiltration  basins  have  heretofore  taken  the  form  of  one 
or  more  circular  wells,  eacli  of  as  large  magnitude  as  can 
be  economically  roofed  over,  or  of  nan-ow  open  basins.  In 
the  eastern  8tat<^a  the  form  has  usually  be^n  that  of  a  cov- 
ered gallery  along  the  margin  i>f  tht*  r^tream  or  lake,  or  of  a 
broad  open  basin.  Some  of  tin'se  basins  are  intended  quite 
as  much  to  intercept  the  flow  of  water  from  tlie  land  side 
t<^ward  the  river  as  to  draw  their  supplies  from  the  river, 
and  the  prevailing  tenipemtnres  and  chemical  analj^ses  of 
the  waters,  as  conquired  witli  the  temperatures  and  analyses 
of  the  river  waters^  give  evidence  that  their  supplies  are  in 
part  from  the  land. 

A  thorough  examination  of  the  substrata,  on  the  site  of 
and  in  the  vicinity  of  the  proi)0Hxl  infiltration  basin,  down 
to  a  level  eight  or  ten  feet  below  the  bottom  of  the  basin. 
will  permit  an  intelligent  opinion  to  be  formed  of  its  percola- 
tion capacity. 

52Cu  ExamploH  of  Infiltrjition.— Fig.  130  illustrates 
a  section  of  the  infiltration  galleiy  at  Luwell,  Mass.     This 
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gallery  is  a  short  distance  above  the  city  and  above  the 
dam  of  the  Locks  and  Canal  Co.  in  the  Merrimac  River, 
that  supplies  some  10,000  horse- power  to  the  mjumfactnn^rs 
of  the  city.  The  gallery  is  on  the  northerly  shon^  of  the 
stream,  parallel  with  it,  and  lies  about  one  hundred  f«3et 
from  the  shore. 

Its  length  is  1300  feet,  width  8  feet^  and  clear  inside 
height,  8  feet.  Its  tioor  is  eight  feet  below  the  level  of  the 
ci'est  of  the  dam.  Tlie  side  walls  have  an  average  thickness 
of  two  and  three-fourths  feet  and  a  heiglit  of  five  feet,  and 
are  constructed  of  heavy  rubble  masonry,  laid  water-tight 
in  hydraulic  moi-tar. 


The  covering  arch  is  semicircular,  of  brick,  one  foot 
lick,  and  is  laid  wat«^r-tight  in  cement  mortar. 

Along  the  bottom,  at  distances  of  ten  feet  between 
intres,  stone  braces  one  foot  square  and  eight  feet  long, 
^re  placed  transversely  between  the  side  walls  to  resist  the 
irior  thrust  of  the  earth  and  the  hydrostatic  prt^asure. 
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The  bottom  is  covered  with  coarse  screened  gravel,  one  foot 
thick,  up  to  the  level  of  the  top  of  the  brace  stones. 

The  Merrimac  River  is  tolerably  clear  of  visible  impuri- 
ties during  a  large  x>ortioii  of  the  year,  but  during  high* 
water  carries  a  large  quantity  of  clay  and  of  a  silicious  sand 
of  very  minute,  juicroscopic  grains.  M 

An  inlet  pipe,  thirty  inches  in  diameter,   connects  the 
lower  end  of  the  gallery  directly  with  the  river,  for  use  in  _ 
emergencies,  and  to  supplement  the  supply  temporarily  at  J 
low-water  in  the  river,  when  it  is  usually  clear.     At  the  ter- 
minal chamber  of  tlie  gallerj'  into  which  the  inlet  pipe  leads,  ■ 
and  from  which  the  conduit  leads  toward  the  pumps,  are 
the  requisite  regulating  gates  and  screens. 

This  gallery  was  completed  in  1871,  and  during  the 
drouglit  and  low  water  of  the  summer  of  1873,  a  test  devel- 
oped the  rontinuons  infiltrHtion  capacity  of  the  gallery  to 
be  one  and  one-half  million  pillons  ]>er  twenty-four  hours, 
or  about  one  Inindrcii  and  Jlfty  gallons  for  each  square  foot 
of  bottom  area  per  twenty-four  hours. 

At  Lawrence,  Mass.,  is  a  similar  intiUration  gallery  along 
the  eastern  shore  of  the  Merrimac  River,  from  which  the 
city's  supi)ly  is  at  present  dniwn. 

The  intiltration  gallery  for  the  supply  of  the  town  of 
Brookline,  Mass.,  completed  in  1874,  lies  near  the  margin 
of  the  Charles  River.  Tlie  bottom  is  six  feet  below  the 
lowest  stage  of  water  in  the  rivor,  its  breadth  between  walls 
four  feet»and  length  seven  hundn*d  and  sixty-two  feet.  Tl»e 
side  walls  are  two  feet  high,  laid  without  mortar,  and  the 
covering  arch  is  semicircular,  two  courses  thick,  and  tight 

Diu^ing  a  pump  test  of  thirty-six  hours  dunition,  this 
galler}'  supplied  water  at  a  rate  of  one  and  oue-lialf  niilliun 

*  A  coaaiderahlo  iHToentajere  of  the  flow  Into  thi*t  and  f!onio  other  inflltrmtion 
faftsioM  is  ju(IgL*<].  from  f^ciH^iimontul  lestfi.  annlyee?.  and  tcmpcrmtaryM^  to  be 
inlercvpt«d  "ground  wattir"  that  was  flovring  toward  the  river. 
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gallons  in  twenty-four  hours,  or  four  hundred  and  ninety 
gallons  per  square  foot  of  bottom  area  per  twenty-four 
hours.  The  ordinary'  draught  up  to  the  present  wTiting  is 
about  one-third  this  mte. 

Tlie  pioneer  American  infiltration  basins  were  constructed 
for  the  city  of  Newark,  N.  J,,  under  the  direction  of  Mr. 
Geo.  H.  Bailey,  chief  engineer  of  the  Newark  water-works. 
These  basins  are  somewhat  more  than  a  mile  above  the 
city,  on  the  bank  of  tJie  Passaic  River.  There  are  two 
basins,  each  350  feet  long  and  150  feet  wide,  distant  about 
200  feet  from  the  river.  They  are  revetted  with  excellent 
vertical-faced  stone  walls,  and  everythuig  pertaining  to 
them  is  substantial  and  neat.  An  inlet  pipe  conni^ts  them 
with  the  nver  for  use  as  exigencies  may  n^uire. 

At  \\''altham,  Mass.,  a  basin  was  excavated  from  the 
margin  of  the  Charles  River  back  to  some  distance,  and 
then  a  bank  of  gravel  constructed  between  it  and  the  river, 
intended  to  act  as  a  filter. 

Tlie  excavation  developed  a  considerabh'  number  of 
springs  that  flowed  up  through  tin*  tottom  of  the  basin, 
and  these  are  supposed  to  furnish  a  large  shai-e  of  the 
water  supply. 

At  Providence,  two  basins  liave  been  excavated,  <me  on 
each  side  of  the  Pawi:uxet  River.  These  are  near  the  mar- 
gin of  the  River,  and  are  partitioned  from  the  floods  by 
artificial  gravelly  levees. 

At  Hamilton  and  Toronto,  in  Canada,  basins  have  been 
excavated  on  the  border  of  Lake  Ontario.  The  Hamilton 
"basin  has,  at  the  level  of  low-water  in  tlie  lake,  a  water  area 
of  little  more  than  one  acre. 

At  Toronto,  the  infiltration  basin  lies  along  the  bordei" 
of  an  island  in  the  lake,  nea,rly  opposite  to  the  city.  It  is 
excavated  to  a  depth  of  thirtc^en  and  one-half  feet  below 
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390  feet,  of  3090  feet 
from  the  lake. 

The  top  of  the  draught  conduit,  which  ia  four  feet  diam- 
eter, is  placed  at  six  and  one-half  feet  below  low-water, 
the  zero  datum  of  the  lake  ;  and  the  water  art^a  in  the 
if  drawn  so  low  as  the  top  of  the  conduit,  will  then  be 
acres,  and  wlien  full  to  zero  line  is  5.64  acres,  the  avenig* 
surface  width  being  then  eighty  feet,  f 

During  a  six  days  test  this  basin  supplied  about  four 
and  oni'-quarter  million  imperial  gallons  j>er  twenty-f( 
liuurs  under  an  average  head  of  fivij  feet  from  the  lake, 
at  the  rate  of  fifty-two  imperial  gallons  per  square  foot  of 
bottom  area  per  twenty-four  hours. 

At  Binghamton,  N.  Y,,  two  wells  of  thirty  feet 
each,  were  excavated  about  IfiO  feet  from  tlie  margin  of  tJ? 
Susquehanna  Iliver>  one  on  each  side  of  the  punij>-houa- 
These  wells  are  roofed  in. 

At  Schenectady  there  is  a  small  gallery  along  the  margia 
of  the  Mohawk  River, 

Columbus  opened  her  works  with  a  basin  on  tlie 
of  the  Scioto,  and  has  since  added  a  basin  with  a  p; 
of  sand  filtration. 

Other  towns  and  cities  have  formed  their  infiltratii 
basins  according  to  their  peculiar  local  circumstances. 

These  basuia  generally  clarify  th«i  water  in  a  most  sati?* 
factory  manner,  and  accorajilish  all  that  can  be  exjiecrt>d 
of  a  mechanical  process,  but  they  have  not  always  dehvi-iv^ 
the  expected  volumes  of  water ;  but  perhaps  too  mnrli  a 
sometimes  anticipated  through  ignorance  of  the  true  naOT 
of  the  soil  and  false  estimate  of  'Aground  water''  flow. 

537.  Practical  Consideratious. — The  experience iriti 
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the  American  and  EuroiK»an  infiltration  basins  shows  that 
when  judiciously  located  they  slioidd  supply  from  150  to 
200  U.  S.  gallons  per  square  foot  of  bottom  an»a  in  eiich 
twenty-four  hours  continuously.  Tliis  requires  a  rate  of 
motion  through  the  gallery  inflow  surCace,  of  from  twenty 
to  twenty-five  lineal  feet  per  twenty -four  hours. 

Tills  inflow  13  dependf^nt  largely  upon  the  area  of  sltore 
surface  through  wliich  the  water  tends  toward  the  basin, 
and  the  cleanliness  sjid  porousjiess  of  that  surface. 

We  have  not  here  the  aid  of  Nature's  surface  process,  in 
which  the  intercepted  sediment  is  decomposed  by  plant 
action,  and  the  pores  thrown  open  by  frost  expansions,  but 
are  dependent  upon  floods  and  littoral  currents  to  clean  off 
the  sediment  separated  from  the  inliitering  water.  If  the 
inliltering  surface  is  not  so  cleaned  periodically  by  currents, 
it  becomes  clogged  with  the  sediment,  and  its  capability  of 
passing  water  is  greatly  reduced. 

A  uniform  sized  grain  of  sand  or  gravel  offers  greater 
percolating  facilities  than  mixed  coarse  and  fine  grains. 
Tlie  proportion  of  interstices  in  uniform  grains  is  from  thirty 
to  thirty-tlu'ee  per  cent,  of  the  bulk,  and  the  larger  the  grains 
the  larger  the  interstices  and  the  more  free  the  flow.  On 
tlie  other  hand,  the  smaller  the  grains,  or  the  more  tlie  ad- 
mixture of  smaller  with  predominating  grains,  the  smaller 
the  interstices,  and  tlie  less  the  flow,  but  the  more  thorough 
the  clarification  and  the  sooner  the  pon^s  are  silted  with 
sediment. 

K  there  is  much  fine  material  mixed  with  the  gravel, 
water  will  percolate  very  slowly,  and  a  lai^er  proportional 
infiltration  area  will  be  requin?d  to  deliver  a  given  volume 
of  water. 

It  will  be  remembered  that  we  found  gravel  (§  351)  with 
due  admixtures  of  graded  fine  materials  to  make  the  very 
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best  embankment  to  retain  water,  even  under  fifty  or  more 
feut  head. 

The  best  bank  in  which  to  locate  an  infiltration  baain  is 
one  which  is  made  up  of  uniform  silicious  band  grains  of 
about  the  size  used  for  hydraulic  mortar,  and  which  has  a 
thin  covering  of  liner  grains  next  the  body  of  water  to  be 
filtered.  The  sUting  will  in  such  case  be  chiefly  in  tlie  sur- 
face layer,  and  the  cleaning  by  flood  current  then  be  most 
effectual. 

The  distance  of  the  basin  from  the  body  of  water  is  gov- 
erned by  the  nature  of  the  materials,  being  greater  in  coarse 
gravel  than  in  saud.  It  should  be  only  just  sufficient  to 
insure  thorough  clarification  when  the  surface  is  cleanest 
A  greater  dishiiice  iiecessitatt^s  u  greater  expense  for  greater 
basin  area  to  accomplish  a  given  duty,  and  a  lesser  distance 
will  not  always  give  thorough  clarification. 

The  distance  should  be  graduated  in  a  varying  stratum, 
so  that  the  work  jjer  unit  of  area  shall  be  as  uniform  as 
possible, 

528.  Examplcft  of  European  Inliltration. — Mr.  Jas. 
P.  Kirkwood,  C.E.,  in  his  report*  to  the  Board  of  Water 
Commissioners  of  St.  Louis,  by  whom  he  was  commissioned 
to  pxamine  the  filtering  processes  practised  in  Europe^  afl 
applied  to  public  water  supplies,  has  given  most  accurate 
and  valuable  information,  which  those  who  are  interested  in 
the  subject  of  filtration  will  do  well  to  consult. 

From  Mr.  Kirkwood's  elaborate  report  we  have  con- 
densed some  data  relating  to  Eui-opean  infiltration  galleriesw 

Perth,  in  Scotland,  has  a  covert»d  gallery  located  in  an 
island  in  the  River  Tay.  Its  inside  width  is  4  feet,  height 
8  feet,  and  length  300  feet.  Its  floor  is  2^  feet  below  low- 
water  surface  in  the  river.     Its  capacity  is  200,000  gallons 
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per  dietn,  aTid  rate  of  infiltration  per  square  foot  of  bottom 
area,  182  gallons  per  diem. 

Angers,  in  France,  baa  a  covered  gallery  located  in  an 
island  in  the  River  Loire.  This  gallety  has  two  angles  of 
slight  deflection,  dividing  it  into  three  sections.  The  two 
end  sections  arc  3'-4"  wide  and  the  centre  section  6'-0"  wide. 
The  flooi'S  of  the  two  end  secdona  are  7J  below  low-water  in 
the  river,  and  of  the  central  section  9^  feet  below.  The 
combined  length  of  these  galleries  is  288  feet,  and  their  de- 
livery 187  gallons  per  diem  per  square  foot  of  bottom  area. 

These  were  constructed  in  1856,  and  rest  on  a  clayey 
substratum;  consequently  the  greater i>art  of  their  inflow 
must  be  through  the  open  side  walls. 

More  recently,  these  have  been  reinforced  by  a  new 
gallery,  witli  its  floor  5.J  feet  below  low-water  surface  in  the 
river,  and  not  extending  down  to  the  clay  stratum.  Tliis  is 
fi  feet  wide  and  8  feet  high,  and  delivers  300  gallons  per 
diem  per  square  foot  of  bottom  area. 

Lyons,  in  France,  has  two  covered  galleries  along  the 
banks  of  the  Rhone,  the  first  16-6"  wide  and  304  feet  long. 
The  second  is  33  feet  wide,  except  at  a  short  section  in  tlie 
centre,  where  it  is  narrowed  to  8  feet,  and  is  328  feet  long. 
There  are  also  two  rectangular  covered  basins.  The  com- 
bined bottom  areas  of  the  two  galleries  is  17,200  scjuare 
feet,  and  of  the  two  basins  40,506  squares  feet.  Tho  total 
delivery  at  the  lowest  stage  of  the  river  is  nearly  six  mil- 
lion gallons  per  diem,  or  100  gallons  per  square  foot  of 
bottom  area.  The  capacity  of  the  33-foot  gallery  alone  is, 
however,  147  gallons  per  square  foot  of  bottom  an>a.  Al>out 
6.i  feet  head  is  required  for  the  delivery  of  the  maximum 
quantity.  The  average  distance  of  the  galleries  from  Uw 
river  is  about  80  feet,  and  the  two  basins  are  behind  one  of 
the  galleries, 
86 
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At  Toulouse,  France,  three  covered  galleries  extend 
along  the  bank  of  the  (iaroune.  The  lii-st  two,  aft^ir  being 
walled,  were  tilled  with  small  stones. 

The  new  gallery  Las  ita  mde-walla  laid  in  mortar,  is  cov- 
ered with  a  semicircular  arch,  is  7-6"  wide,  8-8"  liigh,  and 

1180  feet  long.  It«  floor  is  8-7  below  low-water  surface  in 
the  river.  Its  total  capacity  is  a  little  in  excess  of  2}  mil- 
lion gallons,  or  228  gallons  X)er  diem,  per  square  foot  of 
bottom  area. 

For  the  supply  of  Genoa,  in  Italy,  which  lies  upon  the 
Mediterranean,  a  gallery  has  been  constructed,  in  a  valley 
<>f  a  northern  slope  of  the  Maritime  Alps,  at  an  altitude  of 

1181  feet  above  the  sea.  This  gallery  extends  in  part 
beneath  the  bed  of  the  River  Scrivia,  transversely  from  side 
to  side,  and  in  part  along  the  baidts  of  the  stream.  Tlie 
width  IS  5  feet,  height  7  to  8  feet,  and  length  1780  feet. 

The  extraordinarily  large  delivery,  per  lineal  foot,  is 
6412  gallons  per  diem. 

The  waters  are  conveyed  down  to  Genoa  in  cast-iron 
pipes,  with  relieving-tanks  at  intervals. 

539«  Exaiii£>le  of  Int^^rceptiiig  Well, — ^The  great 
well  in  Prospect  Park,  Brooklyn,  L,  L,  is  a  notable  instance 
of  intercepting  basin,  such  as  is  sometimes  adopted  to  inter- 
cept the  flow  of  the  land  waters  toward  a  great  valley,  or 
the  sea,  or  to  gather  the  rainfall  upon  a  great  area  of  sandy 
plain. 

This  portion  of  Long  Island  is  a  vast  bed  of  sand,  which 
receives  into  its  interstices  a  large  percentage  of  the  rainfall 
The  rain-water  then  percolates  through  the  sand  in  steady 
flow  toward  the  ocean.  Although  the  surface  of  the  land 
has  considenible  undulation,  the  subt4^rranean  saturation  is 
founil  to  take  nearly  a  true  plane  of  inclination  toward  the 
and  this  inclination  is  found  by  measurements    in 
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numerous  wells  to  be  at  the  rate  of  about  one  foot  in  770  ft,, 
or  seven  feet  per  mile.  So  if  a  well  is  to  be  dug  at  one-half 
mile  from  the  ocean  beach,  water  is  expected  to  be  found 
at  a  level  about  three  and  one-half  feet  above  mean  tide ; 
or,  if  one  mile  from  the  beach,  at  seven  feet  alwve  mean 
tide,  whatever  may  be  the  elevation  of  tlie  land  surface. 
If  in  such  subsoils  a  well  is  excavated,  and  a  great  draught 
of  water  is  pumped,  the  surface  of  saturation  will  take  its 
inclination  toward  tlie  well,  and  the  area  of  the  watershed 
of  the  well  will  extend  as  the  water  smface  in  tlie  well  is 
lowered.  If  the  well  has  its  water  surface  loweivd  bo  as  to 
draw  toward  it  say  a  sliare  equal  to  twenty-four  inches  of 
the  annual  rainfall  on  a  circle  around  it  of  one-quarter  mile 
radius,  then  its  yield  should  be  at  the  rate  of  very  nearly 
on«'-half  million  gallons  of  water  daily. 

Tlie  Prospect  Park  well,  Fig.  131  (p.  102),  is  60  ft,  in  diam- 
eter. A  brick  steen  or  curb  of  tliis  diameter,  resting  upon 
and  bolted  to  a  timber  shoe,  edged  with  iron,  was  sunk  by 
excavating  within  and  beneatli  it,  fifty-nine  foet  to  tho  sat- 
uration plane,  and  then  a  like  curb  of  tliirty-five  feet  diam- 
eter was  sunk  to  a  further  di>]>th  of  ten  feet.  The  top  of  the 
inner  curb  was  finished  at  the  line  of  water  surface.  A 
platform  was  then  constructed  a  few  feet  alK>ve  the  water 
surface,  within  the  large  curb,  to  receive  the  pumping 
engine.  The  boilers  were  placed  in  an  ornate  boiler-house 
near  the  well. 

On  test  trial,  the  well  was  found  to  yield,  after  the  water 
surface  in  the  well  had  been  drawn  down  four  and  one-half 
feet,  at  the  mte  of  8fi0,000  gallons  piT  twenty-four  hours. 

530.  Filter-bods.— A  method  of  filtration,  raoi-e  arti- 
ficial than  those  above  described,  must  in  many  cases  be 
resorted  to  for  the  clarification  of  public  water  supplies. 

The  most  simple  of  the  methods  that  has  had  thorough 
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The  basins  in  such  cases  are  usually  from  1(K)  to  200 
feet  wide,  aud  from  200  to  300  feet  long,  each.  Each  basin 
18  made  quite  water-tight,  the  horizontal  bottom  or  floor 
being  puddled,  if  necessary,  and  sometimes  also  covered 
with  a  paving  of  concrete,  or  layer  of  bricks  in  cement 
mortar.  The  sides  are  revetted  with  masonry,  or  liavi* 
slopes  paved  with  substantial  stone  in  mortar,  or  witii 
concrete. 

A  main  drain  extends  longitudinally  through  the  centre 
of  the  basin,  rests  upon  the  floor,  and  is  about  two  feet 
wide  and  three  feet  high.  Prom  the  main  drain,  on  each 
aide,  at  right-angles,  and  at  diatances  of  about  six  feet 
between  centres,  branch  the  small  drains.  These  are  six  or 
eight  inches  in  diameter^  of  porous,  or,  more  generally,  per- 
forated clay  tiles,  Resting  upon  the  bottom  or  floor,  and  they 
extend  from  th*^  central  drain  to  the  side  walls,  wh(»n*  they 
have  vertical,  open-topjxHi,  ventilating,  or  air-escape  pipes, 
rising  to  the  top  of  tl»e  side  walls. 

These  pipes  and  the  central  drain  form  an  art^^rial  sys- 
tem by  which  water  may  be  gathered  uniformly  from  the 
whole  area  of  the  basin. 

This  arterial  system  is  then  covered,  in  horizontal  layers, 
according  to  the  suitable  materials  available,  substantially 
as  follows,  viz.:  two  feet  of  broken  stone,  like  **road 
metal ;"  one  foot  of  sliingle  or  coarse-screened  gravr»l ;  one 
foot  of  pea-sized  screened  gravel ;  one  foot  of  coal's**  sjind ; 
and  a  top  covering  of  one  and  one-half  to  three  feet  of  fine 
sand. 

This  combination  is  termed  a  filter-bed^  and  over  it  is 
flowed  the  water  to  be  clarified. 

Provision  is  made  for  flowing  on  the  water  so  as  not  to 
disturb  the  fine  sand  surface.  Tliis  inflow  duct  is  often 
arranged  in  the  form  of  a  tight  channel  on  the  top  of  the 
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covering  of  the  central  gatlieriug  drain,  and  the  water  flows 
over  its  side  walls,  during  the  tilling  of  the  basin,  to  right 
and  left,  with  slow  motion. 

The  depth  of  water  maintained  upon  the  filter-bed  is 
four  feet  or  more,  according  to  exposure  and  climatic  effects 
upon  it. 

At  tlio  outflow  end  of  the  central  gathering  drain  is  an 
effluent  chamber,  with  a  regulating  gate  over  which  the 
filtered  water  flows  into  the  conduit  leading  to  the  clears 
water  basin.  The  water  in  the  effluent  chamber  ia  connected 
witli  the  water  upon  the  fllter-bed  through  the  drains  and 
interstices  of  the  bed  ;  consequently,  if  there  is  no  draught, 
its  surface  has  the  same  level  as  that  upon  the  bed,  but  if 
tliore  is  draught,  the  surface  in  the  chamber  is  lovrest,  and 
the  diff<'i\'nce  of  level  is  the  hejul  under  which  water  flows 
tlirough  the  filter-bed  to  the  effluent  chamber. 

The  regulating  gate  in  the  effluent  cliamber  controls  the 
outflow  there  to  the  clarified  water  basin,  and  consequently 
the  head  under  wliich  filtration  takes  place,  and  the  rate  of 
flow  through  the  filter-bed. 

531.  Settling  and  Clear-water  Bai^ins. — When  tiie 
water  is  received  from  a  river  subject  to  the  roil  of  floods,  it 
should  be  received  first  into  a  settling  basin,  where  it  will 
be  at  rest  fortj-eight  hours  or  more,  so  that  as  much  as 
possible  of  the  sediment  may  be  separated  by  the  gravity 
process,  before  alluded  to.  Its  rest  in  large  storage  basins 
prepares  it  very  fully  for  introduction  to  tlie  filter-bed,, 
which  is  to  complete  the  separation  of  the  microscopic 
plants,  vegetable  fibres,  and  animate  organisms,  that  can- 
not be  separated  by  precipitation. 

Since  the  domestic  consumption  of  the  water  at  some 
hours  of  the  day  is  nearly  or  quite  double  the  average  con- 
sumption per  diem,  the  clarified  water  basin  should  be 
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large  enough  to  supply  the  irregular  draught  and  permit 
the  flow  through  the  filter  to  be  uniform. 

This  system  of  clarification  in  perfection  includes  three 
divisions,  viz. :  the  SeUliny  Basuiy  the  filter-bed,  and  the 
Clear-waler  Basin, 

The  settling  and  clear-water  basins  may  be  constructed 
according  to  tlie  methods  and  ^irinciplcs  already  discussed 
for  distributing  reservoirs  (Chap.  XVI).  The  capacity  of 
each  should  be  sufficient  to  liold  not  less  than  two  days 
supply,  and  the  depth  of  water  should  be  not  less  than 
ten  feet,  so  that  the  water  may  not  bo  raised  to  too  high 
a  temperature  in  summer,  and  that  its  temperature  may 
be  raised  somewhat  in  winter  before  it  enters  the  distribu- 
tion-pipes. 

532.  Introduction  of  Filter-bed  System.— Pough- 
keepsie,  on  the  Hudson,  was  the  first  American  city  to 
adopt  the  JUier-hed  system  of  clarification  of  her  public 
water-supply. 

The  Pouglikeepsie  works  were  constructed  in  1871,  to 
take  water  from  the  Hudson  River.  During  the  spring 
floods,  the  river  is  quite  turbid.  These  filtering  works  con- 
sist of  a  small  settling  basin  and  two  filter-beds,  each  73^  ft, 
wide  and  2(X)  ft.  long.     Each  bed  is  composed  of 

34  inches  of  fine  sand. 


6      '"• 
6 

6       " 
04       ' 

'         "     J-inch  gravel, 
'        "     i-inch  gravel. 

"     i-inch  broken  stone, 
'        "    4  10  8-inch  spalls. 

73 

'        total. 

The  floors  on  which  the  beds  rest  are  of  concrete,  twelve 
inches  thick. 

The  clear- water  basin  is  28  by  88  feet  in  plan,  and  17  ft. 
deep. 
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Water  is  lifted  from  the  river  to  the  settling  basin  by  a 
pump,  and  it  flows  from  the  clear-water  basin  to  the  suction 
chamber  of  the  main  pump,  giving  some  back  piessure. 
From  thence  it  is  pumped  to  the  distributing  reservoir. 

The  lilter-beda  are  at  present  used  but  a  portion  of  the 
year,  subsidence  in  the  main  reservoir  being  sufficient  to 
render  the  water  acceptable  to  the  consumers. 

In  the  recent  construction  of  the  new  water  supply  for 
the  city  of  Toledo,  20,000  square  feet  of  filter-bed  was  at 
first  prepan*d  to  test  its  efficiency  in  the  clarification  of  the 
turbid  Maumee  River  water.  The  great  demand  for  water 
has,  however,  made  the  construction  of  additional  filter  area 
and  large  subsidence  basins  a  necessity,  the  consumption 
having  already  (1876)  reached  nearly  3.000,000  gallons  per 
diem.  Anticipating  the  necessity,  Chief  Engineer  Cook  has 
devised  and  is  experimenting  with  a  series  of  chambers, 
contain  filtering  materials  through  which  the  water  is  to 
flowed  with  an  upward  current. 

When  our  American  water  consumers  are  more  familiar 
with  this  filter-bed  system  of  clarification,  now  in  such  gen- 
eml  use  in  England  and  Scotland  and  on  the  Continent,  its 
use  will  be  oftener  demanded.  Subsidence,  as  we  have 
before  remarked,  does  not  romplet(*ly  clarify  the  water, 
even  in  a  fortnight's  or  three  weeks*  time,  but  a  good  sand 
filter,  if  not  overworked,  interc^^pts  not  only  the  visible  sedi- 
ment and  fine  clay,  but  the  most  minute  vegetable  fibres 
and  organisms  and  the  spawn  of  fish,  and  it  is  highly  im- 
poitant  that  these  should  be  separated  l>efore  the  water  is 
passed  to  the  consumer. 

533.  Capacity  of  Filtor-Beds.— Experience  indicates 
that  the  flow  through  a  filter-bed,  such  as  we  have  above 
described,  should  not  exceed  the  rate  of  17  fei^t  lineal  per 
diem,  or  be  reduced  by  silting  of  the  sand  layer  to  less  than 
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6.5  feet  per  diem.  It  must  not  be  so  rapid  as  to  suck  the 
sand  grains  or  clay  particles  or  the  intercepted  fibres 
througli  the  bed,  or  its  whole  purpose  will  be  entirely 
defeated, 

A  rate  of  about  one-half  inch  per  hour,  or  twelve  lineal 
feet  per  diem,  when  the  filter  is  tolei*ably  clean,  is  generally 
considered  the  best.  This  gives  the  filter-bed  a  capacity  of 
twelve  cubic  feet,  or  89.76  gallons,  per  square  foot  of  sur- 
face per  twenty-four  hours,  and  requires,  in  work,  about 
12,000  square  feet  of  filtering  surface  for  each  million  gal- 
lons of  water  to  be  filtered  per  diem. 

5.'54.  (Cleaning  of  Filter- Bo<lH.—T]ie  filter-beds  upon 
the  English  streams  requb'e  cleaning  about  once  a  week, 
when  the  rivers  are  in  their  most  turbid  condition,  and 
ordinarily  once  in  three  or  four  weeks. 

Tlie  process  of  cleaning  consists  of  removing  a  slice  of 
about  one-lialf  inch  thickness  from  the  surface  of  the  fine 
sand  layer,  and  the  stirring  or  loosening  up  of  the  sand  that 
is  ]>acked  hard  by  the  weight  of  the  water,  when  the  clog- 
ging of  the  filter  prevents  or  hinders  greatly  its  flow.  This 
requires  the  water  to  be  drawn  off  frcmi  the  bed  to  be  cleaned, 
and  of  course  puts  the  portion  of  filter  area  being  cleaned 
out  of  service.  According  to  the  usual  piuctice,  the  water  is 
drawn  down  only  about  a  foot  below  the  sand  surface  for 
the  cleaning ;  but  there  is  a  great  advantage,  though  an  in- 
convenience, in  drawing  the  water  entirely'  out  of  the  bed, 
for  this  admits  the  air  to  oxidize  the  organic  matters  that 
are  drawn  into  the  filter,  which  is  of  gn^t  importance. 

To  provide  for  cleaning,  the  required  area  for  service 
should  be  divided  into  two  or  more  independent  beds,  and 
then  one  additional  b«xl  should  be  providt^  also,  so  that 
there  shall  always  be  one  bed  surplus  that  may  be  put  out 
of  use  for  cleaning. 
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The  greater  the  number  of  equal  divisions  the  less  will 
be  the  suii^lus  area  to  be  j)rovided,  and  on  the  other  hand, 
each  division  adds  soniethiug  to  the  cost,  so  that  both  con- 
venience and  finance  are  factors  controlling  the  design  as 
well  as  the  form  and  extent  of  lands  available. 

As  a  suggestion  merely,  it  is  remarked  that  the  divisions 
may  be  approximately  as  follows,  for  given  .volumes,  de- 
pendent on  the  turbidness  of  water  and  local  circumstances: 


TABU  E     No.    109. 

Dimensions  of  Filter-Beds  for  Given  Volumes. 


For 


1  million  gallons  per  diem,  3  beds  60  feet  x  100  feet. 

2  "  "  "  3  "  80  "  X  150  " 

3  "  "  "  3  "  100  •'  X  180  •• 
4^  "  "  "  4  "  100  ••  X  180  " 
6  •'  "  "  4  "  100  "  X  240  " 
8  "  '*  "  4    "  lao  **  X  270  •« 

10  "  **  "  5  "  120  "  X  270  '• 
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Renewal  of  Skuul  Surface.— When  the  rei>eated 

]Mirings  from  the  surface  have  reduced  the  top  fine-sand 
layer  to  about  twelve  mches  thickness,  a  new  coat  should 
be  put  on  restoring  it  to  its  original  thickness.  fl 

If  good  fine  sand  is  difficult  of  procui-ement,  the  pairings 
may  perhaps  be  washed  for  replacing  with  economical 
result. 

This  is  sometimes  accomplished  by  letting  water  &o^ 
over  the  sand  in  an  inclined  tix)ugh  of  plank,  having  deal 
across  it  to  intorcp]^t  tlie  sand,  or  by  letting  water  flow  up^ 
through  it  in  a  wood  or  iron  tank.     Tn  tlie  latter  case  water 
is  admitted  under  pressure  through  the  bottom  of  the  tank 
and  tlie  sand  rests  upon  a  grating  covei-ed  with  a  fine  wire 
cloth,  placed  a  short  distance  above  the  bottom  of  tlie  tank. 
The  current  is  allowed  to  flow  up  through  the  sand,  and  over 
the  top  of  the  tank  until  it  runs  clear. 


BASIN    COVERINGB. 
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636.  Basin  Coveringrs. — The  British  and  Continental 
filter-beds  are  rarely  roofed  in,  although  the  practice  ia 
almost  universal  of  vaulting  over  the  distributing  reservoirs 
that  ai-e  near  the  towns. 

The  intensity  of  our  summer  heat  and  intensity  of  winter 
cold  in  our  northern  and  eastern  States,  makes  the  rooting 
in  of  our  filter  beds  almost  a  necessity,  though  we  are  not 
aware  that  this  has  betm  done  as  yet  in  any  instance. 

The  use  of  the  shallow  depth  of  four  feet  of  water,  so 
common  in  the  Englisli  filters,  would  be  most  fatal  to  open 
filters  here,  for  the  water  would  frequently  be  raised  in 
summer  to  temperatures  above  80"  Fah.  and  sent  into  the 
pipes  altogether  too  warm,  with  scarce  any  beneficial 
change  before  it  reached  the  consumer.  Such  tempera- 
tures induce  also  a  prolific  growth  of  algcB  upon  the  sides 
of  the  basin,  and  upon  the  sand  surface  when  it  has  become 
pailiaUy  clogged,  and  soon  produce  a  vegetable  scum  upon 
the  water  surface  also.  As  these  vegetations  are  rapidly 
reproduced  and  are  shorMived,  their  gases  of  decomposi- 
tion jjermeate  the  whole  flow,  and  render  the  water  ob- 
noxious. 

Depth  of  water  and  protection  from  the  direct  heating 
action  of  the  sun  are  the  remedies  and  preventatives  for 
such  troubles.  A  free  circulation  of  air  and  light  must, 
however,  be  provided,  and  also  the  most  convenient  facili- 
ties for  the  cleansing  and  renewal  of  the  bed. 

In  Pig.  132  is  presented  a  suggestion  for  a  roof-covering 
tliat  ^vill  give  the  necessary  protection  from  sun  and  frost,  and 
the  requisite  light,  ventilation,  and  convenience  of  access. 

The  side  walls  are  here  propos<?d  to  Ix.^  of  brick,  and  the 
truss  supporting  the  mof  to  be  of  the  suspended  tmpezoidal 
class.  The  confined  air  in  the  hollow  walls,  and  the  saw- 
dust or  tan  layer  over  the  truss,  are  the  non-conductors  that 
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assist  in  maintaining  an  even  temperature  within  the 
and  resist  tlie  effects  of  intense  heat  and  intense  cold. 

The  Parisian  reservoirs  at  Menilmontant,  and  the  splen- 
did new  structure  at  Moutronge,  are  covered  witli  a  system 
of  vaulting,  after  the  manner  practised  by  the  Romans,  and 
this  system  is  also  followed  by  the  British  engineers  in  their 
basin  covei-s. 

A  substantial  cover  over  a  filter  basin  will  redaoe  the 
difficulties  with  ice  to  a  minimum,  and  remove  the  risk  of 
the  bed  being  fn>&.*n  wliil**  the  wat^^r  is  drawn  off  for  clean- 
ing in  winter.  In  sucli  case,  if  the  water  is  drawn  imme- 
diately from  a  deep  natural  lake,  or  a  large  impounding 
reservoir,  tlie  only  ice  formation  will  be  a  mere  skimming 
over  of  the  surface  in  the  severest  weather,  and  the  intlow  ■ 
of  water,  at  a  temperature  slightly  above  freezing,  will  tend 
constantly  to  presen  e  the  surface  of  the  water  uncongealed, 
and  the  sand  free  from  anchor  ice. 


/■■- 
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CHAPTER  XXrV. 


PUMPING    OP    WATER. 


637.  Typcfl  of  Puiups.— The  machines  that  have  been 
used  for  raising  water  for  public  water  supplies  in  the  United 
States  present  a  variety  of  combinations,  but  tlieir  water 
ends  may  be  classilied  and  illustrated  by  a  few  type  forms. 

Our  space  will  not  permit  a  discussion  of  tlie  theories 
and  details  of  their  prime  movere,  nor  moi*e  than  a  general 
discussion  of  the  details  of  the  pumps,  with  their  relations 
to  tlie  flow  of  water  in  tlieir  force  mains. 

The  horizontaJ  double-acting  i)iston  pump  of  the  type, 
Fig.  134,  is  an  ancient  device,  and  in  its  present  form  re- 
mains substantially  as  devised  by  La  Hire,  and  described 
in  the  Memoirs  of  the  French  Academy  in  1716.  This  was 
at  one  time  a  favorite  type,  and  was  adopted  for  the  most 
prominent  of  the  early  American  pumping  works,  as  at 
Philadelphia,  Richmond,  New  Haven,  Cincinnati,  Mon- 
treal, etc. 

Several  modifications  of  the  vertical  plunger  pump,  after 
the  modern  Cornish  pattern  (Fig.  135),  wen*  later  intro- 
duced at  Jersey  City,  Cleveland,  Philadelphia,  Louisville, 
etc.,  and  in  1876  at  Providence. 

The  vertical  bucket  pump  (Pig.  133),  in  various  modifi- 
cations (referring  to  the  water  end  only),  was  introduced  at 
Hartford,  Brooklyn,  New  Bedford,  etc. 

The  bucket-plunger  pump  (Fig.  136,  water  end),  has 
been  more  recently  introduced  at  Chicago,  St.  Louis,  Mil- 
waukee, Lowell,  Lynn,  Lawrence,  Manchester,  etc. 
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A  vertical  acting  differential  plunger  pump,  having  one 
set  of  suction  and  one  set  of  delivery  valves,  each  arranged 
in  an  annular  ring  around  the  plunger  chamber,  lias  re- 
cently been  invented  by  at  least  two  engineers,  independ- 
ently of  each  other,  and  with  similar  disposition  of  parts. 
This,  like  the  bucket  and  plunger  pump,  is  single-acting  in 
suction  and  double-acting  in  delivery.  This  pump  ^ves 
promise  of  superior  excellence 

The  double-acting  horizontal  plunger  pump  (page  223), 
itself  an  ancient  and  admirable  invention,  was  first  intro- 
duced in  combination  with  the  Worthington  duplex  engine 
about  the  year  I860,  and  has  since  been  adopted  at  Harris- 
burg,  Charlestown,  Newark,  Salem,  Baltimore,  Toledo, 
Toronto,  Montreal,  etc. 

Fro.  134. 


HDRUOIfTAL  XXJUBLB-ACTIKG  PISTON  PUMP. 


Rotary,  and  gangs  of  small  piston  pumps  have  been  in- 
troduced to  some  extent,  in  direct  pressure  systems,  in  some 
of  the  small  Western  towns. 
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538,  Several  of  the  earliest  pumps  *  of  magnitude  worthy 
of  note  were  driven  by  overshot,  or  breast  water-wheels,  as 
at  Bethlehem,  Pa.,  Fairmouut  Works,  Philadelphia,  New 
Haven,  Richmond,  and  Montreal.  Turbines  have,  how- 
ever, taken  the  places  of  the  horizontal  wlieela  at  Phila- 
delpliia  and  Richmond,  and  in  part  at  Montreal,  and  tur- 
bines give  the  motion  at  Manchester,  Lancaster,  Bangor, 
and  at  other  cities. 

Fig.  143  shows  the  latest  improved  form  of  the  Geyelin- 
Jonval  turbine,  which  has  been  used  very  success&illy  in 
several  of  the  large  cities  for  driving  pumps. 

The  greater  number  of  the  pumping  machines  now  in 
use  are  actuated  by  compound  ett^ani-engines. 

A  considerable  number  of  the  large  pumping  machines 
have  their  pump  cylinders  in  line  with  their  sU^ara  cylin- 
ders, and  their  pump  rods  in  prolongation  of  their  steam 
piston  rods. 

539.  Expense  of  Vaiiable  Delivery  of  Water. — 
It  is  important  tliat  the  delivery  of  water  into  the  force-main 
from  the  pumping  machinery  be  as  uniform  as  possible, 
and  constant. 

If  the  delivery  of  water  is  intermittent  or  variable,  and 
tlie  flow  iij  the  main  equally  variable,  then  jK>wer  is  con- 
sumed at  each  stroke  in  accelerating  the  flow  from  the 
minimum  to  the  maximum  rate. 

The  ms  mva-\  of  the  column  of  water  in  the  force-main, 
surrendered  during  the  retardation  at  each  stroke,  is  neutral- 


*  BetUehem.  Pa.,  contracted  In  1703  the  flfst  public  water  supply  in  the 
United  States  in  wlikh  the  pumpe  vrcro  driven  by  water-power.  Philadelphia 
coiiBtmcted,  in  171>7.  on  ibe  Schuylkill  River,  a  little  below  Falrmoimt,  the 
first  public  waterworks  in  the  Cnited  States  driven  by  Pteam-power.  In  1813 
8t«am-pumpe  were  atorted  at  Fairmount.  aud  the  old  works  abandoned.  In 
April,  \9'2'2,  the  hydraulic*power  pumpe  were  Btarted  at  Faimiount. 

f  Vide  "principle  of  rw  vira"  in  Mo«ley'fl  "  Mechanics  uf  Engineerlnpr," 
p.  115,  New  York,  IttOO,  and  Pgocelet'a  Mecaniquc  Indtuttriolle,  Art.  180, 
Paris,  1841. 
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ized  by  gravity,  and  no  useful  eflTect  or  aid  to  the  piston  of 
the  pump  is  given  back,  as  useful  work  is  given  during  the 
retaz-dation  of  the  fly-wheel  of  an  engine.    , 

If,  as  when  the  pump  is  single-acting,  motion  is  gener- 
ated dui'ing  each  forward  stroke,  and  the  column  comes  to 
rest  during  the  return  stroke  of  the  piston,  or  between 
strokes  of  the  piston,  the  power  consumed  (neglecting  fric- 
tion) to  generato  tlio  maximum  rate  of  motion,  equals  the 
product  of  the  weight  of  the  column  of  water  into  the  height 
to  whicli  such  maximum  nite  of  motion  would  be  due  if  the 
column  was  falling  freely,  in  vacuo,  in  obedience  to  the  in- 
fluence of  gravity. 

Lt^t  Q  be  the  volume  of  water  to  be  set  in  motion,  in' 
cubic  feet,  w  the  weight  of  a  cubic  foot  of  water,  in  pounds 
(=  62.5  lbs),  hi  the  equivalent  height,  in  feet,  to  which  the 

rate  of  motion  is  due  ( =  ^j,  and  pi  the  power  required  to 

produce  the  acceleration  ;  then 

p^=  Q  X  V)  X  hi,  (1) 

If  the  velocity  is  checked  and  then  accelerated  during 
each  stroke,  without  coming  to  a  rest,  let  v  be  the  maxinuira 
velocity,  in  feet  per  second,  and  Vi  the  minimum  velocity ; 
then  the  power  consumed  in  or  necessary  to  produce  tlie 
acceleration  is 

In  illustration  of  this  last  equation,  which  represents  a 
smaller  loss  tlian  the  first,  assume  the  force-main,  with  air^i 
vessel  inoperative,  to  be  1000  feet  long  and  2  feet  diameter, 
and  the  maximum  and  minimum  velocities  of  flow  to  be 
6  feet  and  4  feet  per  second  respectively. 

The  weight  of  the  contents  of  the  main  into  its  accelera- 
tion will  be  (.7854fZ^  ^  ^^  ^  ^  ^  \j- "  Y^\  ^  ^^^  ^°"  ^  ^ 
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62.5  lbs.  X  .14  ft.  =  27492.5  foot-lbs.  If  there  are  ten  strokes 
per  minute,  274925  foot  lbs.  =  8^  IIP  will  be  thus  con- 
sumed. If  the  main  is  twice,  or  four  times  as  long,  the 
power  consumed  will  be  doubled,  or  quadrupled. 

The  power  required  to  accelerate  the  motion  of  the 
column  is  in  addition  to  the  dynamic  power  P,  in  foot-lbs., 
required  to  lift  it  through  tho  height  H,  of  actual  lift. 

For  the  equation  of  lifting  power  per  second,  when  Q  ia 
the  volume  per  second  (neglecting  friction),  we  have 

or  for  any  time, 

Fi  =  Qxtxwxir.  (4) 

The  frictional  resistance  to  flow  in  a  straight  main  is 
proportional,  very  nearly  to  the  square  of  the  velocity  of 
flow  (to  mv-\  and  is  computed  by  some  formula  for  frictional 
head  A",  among  which  for  lengths  exceeding  1000  feet  is 


(6) 


in  which  h"  is  the  vertical  height,  in  feet,  equivalent  to  the 
frictional  resistance. 
"      length  of  main,  in  feet 
"      diameter  of  the  main,  in  feet 
is  a  coefficient,  which  may  be  selected  from 
Table  61,  x>age  242,  of  values  ofm. 

The  equation  of  power  p'\  to  overcome  the  Mctional 
bead,  is 


d 


p"  ~Q  X  w  X 


(fl) 


The  equation  of  power  required,  expressed  in  horse- 
powers [/TiP.]  of  33,000  foot-]iounda  per  minute,  each,  for 
dynamic  lift,  and  frictional  resistance  to  flow  combined,  is 

36 


m 
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The  several  resistances  above  described  are  all  loads 
upon  the  pump-piston,  and  their  sum,  together  with  the 
frictions  at  angles  and  contractions,  is  the  load,  from  th^ 
flaw  in  tJte  main  which  the  prime  mover  has  to  overcome. 

When  the  delivery  of  the  water  into  the  main  is  constant 
and  uniform,  these  resistances  are  at  their  minimum. 

MO.  Varhihlo  MotioiiH  «f  a  PiHtoii. — If  we  analyze 
the  rates  of  motion  during  the  forward  stroke  of  a  instoa 
moved  by  a  revolving  crank  with  uniform  motion,  whose 
length  or  radius  of  circle  is  1  foot,  we  find  the  spaces  or  dis- 
tances moved  through  in  equal  times  by  the  piston,  while 
the  crank-pin  passes  through  equal  arcs,  to  be  as  in  the  fol- 
loAving  table. 

TABLE     No.    1  1  O.  ' 

Piston  Spaces,  for  Equal  Successive  Arcs  of  Crank  Motion,  iij* 


Area 

• 

o 

a 

33] 

« 
45 

0 

^\ 

tSj 

9» 

Sp«e.  ft.. 

o 

.o«3 

.0648 

■J03* 

.1384 

.i«55 

.1S49 

.194« 

.t9Si 

Arcs 

a 
toil 

-"I 

"rf 

'35 

M6| 

Wl 

iA| 

t8D 

Sp«e,ft.. 

.1991 

.tBo6 

-ifag 

'W5 

.1104 

.0B14 

.0488 

.orib 

.... 

The  spaces  are  equal  to  the  above,  but  in  inverse  order 
during  the  return  stroke.  To  compute  spaces  for  other 
lengths  of  crank,  and  the  same  arcs,  multiply  the  given 
lengths  of  crank  in  feet  by  the  above  spaces. 

The  sum  of  the  motions  of  the  piston  wliile  the  pin  moves 
througli  the  fii'st  90°  is  1.072  feet^  and  while  tlirough  the 
second  90^  is  .928  feet;  therefore  the  motion  of  the  piston 
is  fasti?r  during  tlie  first  and  fourth  parts  of  the  revolution 
than  during  the  second  and  third. 

The  motion  of  the  piston  is  accelerated  through  .5218  nf 
its  forward  and  .4782  of  its  return  stroke,  and  is  retarded 
during  the  remaining  partes  of  its  forward  and  backward 
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^m         motions ;  and  with  the  usual  length  of  connecting  rod,  it     1 
^M         attains  a  maximum  velocity  equal  to  about  1.625  times  it^^B 
^M         mean  velocity.                                                                          ^^H 
^M              If  the  pump  is  single  acting,  then  no  delivery  of  water 
^M         takes  place  duiing  tlie  return  stroke,  and  this  is  the  most  dif- 
^m         ficult  case  of  intermittent  motion  to  provide  for  in  the  main. 
H              541.  Ilatios  of  Yaiiable  Delivery  of  Water.— If  we 
^m         analyze  the  ratios  of  movement  of  a  single,  and  the  sums  of 
^M         ratios  of  movement  of  two  or  three  coupled  double-acting 
^B          pump  pistons,  when  the  two  crank-pins  are 90"  apart,  and  the 
^M          thrtH3  pins  60°,  we  liiid  the  I'atios,  during  the  forward  motion 
^1          of  ]>iston  No.  1,  for  given  arcs,  approximately  as  in  the 
^M          following  table : 

^^^                                             TABL.E                                                           ^H 

^M          Katios,  and  Sums  of  Ratios,  of  Pisto!^  Motions   for   Eqdal     ■ 
^^^                       Successive  Arcs  of  Crank  Motion,  ii|°.                        ■ 

^^m              Arcs 

• 

"J 

• 

45 

■ 

• 
67* 

• 
7«l 

^    1 

^H               a  ptetoos... *.!... 

^m         jpiitooi 

h 

.3700 

.0840 

.iiBo 

.1490 
•377* 

.rf53 
.9730 
.3577 

;3l 

:38 

^1              Arcs 

m 
XX) 

sui 

tnt 

a 
■35 

• 
«46J 

«57* 

««! 

iSs 

1 

^M              iphlon. 

^M              aplrtou. 

^H               jplstom 

•^ 
■^ 

.1710 

.9546 
0613 

.3J00 

,aj3o 
*3777 

X967 

IS 

J0660 

.7610 
.3856 

*333 
.»3K» 

.370© 

.0 
.1969 

1 

^^^P         The  variations  nf  motion,  and  of  delivery  qf  toater^  on 
^M          each  side  of  the  mean  rate  of  delivery  is  with  one  piston 
^1           about  10  per  cent.,  with  two  pistons  about  5 J  j^r  cent,  and 
^H           with  three  pistons  about  2J  per  cent.,  or  in  other  words,  the 
^1          ratios  of  excess  of  delivery  are  .10,  .055,  .025,  and  the  ratios 
^1           of  deficiency  have  like  values. 

H                542.  Office  of  8tand-Pipe  and  Air-Ve8ael«— It  ifl 
^m          the  office  of  the  gtand-pii>e  and  air-vessel  to  take  up  Hie 
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excess,  and  to  compensate  for  the  deficiency  of  delivery  by 
the  pump  pifitons,  plungers,  or  buckets.  These  are  most 
effective  when  nearest  to  the  pump  cylinders. 

The  excess  of  delivery  enters  the  oi)en-topped  stand-pipe 
and  raises  its  column  of  water,  and  the  column  is  dniwTi 
from  and  Calls  to  supply  the  deficiency.  Work  is  expended 
to  lift  the  column,  and  this  work  is  given  to  the  advancing 
water  in  the  main  when  the  column  falls  again,  but  when 
the  piston  is  again  accelerated  it  has  the  labor  of  checking 
the  motion  of  the  falling  column  in  the  stand-pipe. 

The  air-vessel  on  the  force  main  is  practically  a  sliorter, 
closed-top  stand-pipe  containing  an  imprisoned  body  of 
air.  The  excess  of  delivery  of  water  from  the  pumps  enters 
the  air-vessel  and  compresses  the  air,  and  the  expansion  of 
the  air  forces  out  water  to  supply  the  deficiency.  The  reduc- 
tion at  each  stroke  of  the  mean  volume  of  the  air  in  the 
vessel  is  directly  proportioned  to  the  excess  of  water  deliv- 
ered and  received  into  the  air-vessel,  which  is,  for  different 
pumps,  proportional  to  their  variations,  or  if  coupled  or 
working  through  the  same  air-vessel,  to  the  algebraical 
sums  of  their  variations. 

543.  Capaciitips  of  Air-VesselH.— The  cubical  capa- 
city of  an  air-vessel  for  one  pair  of  double-acting  pumps  is 
usually  about  five  or  six  times  the  combined  cubical  capa- 
city of  the  water  cylinders ;  but  we  shall  see  that  the  capa- 
city of  the  cylinders  alone  is  not  the  full  basis  on  wliich  the 
capacity  of  the  vessel  is  to  be  proportioned- 

If  the  air-vessel  is  filled  with  air  under  the  pressure  of 
the  atmosphere  only,  and  then  is  subjected  to  a  gn»ater 
pressure  of  water,  it  will  not  remain  full  of  air,  for  tiie  air 
will  be  compressed,  and,  according  to  Mariotte's  law,*  its 


*  Fide  Lardner's  HydroBtatlcs  and  Pueumatica,  p.  158.     London.  1874. 


566 


PUMPS. 


volume  will  be  inversely  proportional  to  the  pressure  under 
wliicli  it  exists,  provided  the  temperature  remains  the  same. 
Thus,  if  the  vessel  was  filled  under  a  pressure  of  15  lbs.  per 
square  inch,  and  the  water  pressure  is  six  times  greater  or 
90  lbs.  per  square  inch,  and  the  temperature  is  unchanged, 
then  the  air-vessel  will  be  but  one-nixth  full. 

It  is  the  reduced  volume  of  air  in  the  vessel  that  ia  com- 
pressed to  take  up  the  excess  of  water  delivered  by  tlie 
pumps ;  therefore  the  decree  of  pressure  should  be  a  factor 
in  tlie  equation  of  capacity  of  air-vessel,  as  well  as  Uie  ratio 
of  excess  of  delivery  during  a  lialf  stroke. 

Let  q  be  the  volume  of  delivery  of  a  pump  piston  dur- 
ing its  forward  stroke,  r  the  ratio  of  excess ;  or  if  two  or 
more  pistons  are  coupled,  the  algebraic  sum  of  ratios  of 
excess  of  delivery  of  water  during  the  forward  stroke  of 
No.  1  piston,  n  tlie  maximum  pressure  of  water  in  atmos- 
pheres (=  14.7  lbs.  per  square  inch  each),  and/ an  experi- 
ence coefficient  whose  value  will  ordinarily  be  about  16, 
then  the  equation  for  cubical  capacity,  C,  in  cubic  feet,  of 
air-vessel  is, 

C— qxrxnxf  (8) 

or  \fp  is  the  maximum  water  pressure,  in  pounds  per  square 
inch,  then  the  equation,  when/'  =  15,  may  take  the  form 


C  =  pgr. 


(9) 


If  the  water  is  to  be  permitted  to  abstract  an  appreciable 
jjortion  of  the  air  from  the  air-vessel,  that  is,  if  the  air-vessel 
is  not  to  be  frequently  recharged,  then  the  coefficient  in  the 
above  equation  should  be  greater  than  15.  If  the  air-vessel 
is  to  be  recharged  often,  mechanically,  with  volumes  of  air 
greater  than  the  atmospheric  pressure  would  supply,  then 
the  coefficient  may  be  some  less  than  16. 
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The  larger  the  water  surface  in  contact  with  the  air  In 
the  air-vessel,  the  taster  the  air  is  absorbed  by  the  water; 
therefore  it  is  advisable  to  give  considerable  height  in  pro- 
portion  to  diameter  to  the  air-vessel,  and  a  disk  of  wood  or 
other  nearly  or  quite  impervious  material,  one  or  two  inches 
less  in  diamet^T  than  the  air-vessel,  may  be  allowed  to  lie 
on  the  water  in  the  vessel,  and  thus  still  more  reduce  the 
surfaces  of  contact  of  air  and  water, 

544.  Vjilves.— Pumps  that  have  to  lift  water  to  heights 
greater  than  thirty  feet,  are  usually  of  necessity,  or  for 
convenience  of  access,  placed  between  the  water  to  be 
raised  and  the  point  of  delivery.  When  so  situated  they 
perform  two  distinct  operations,  one  of  which  is  to  draw  the 
water  to  them,  and  the  other  to  force  it  up  to  the  desired 
elevation.     When  the  pump  piston  or  plunger  advances, 

Fio.  137. 


the  water  in  front  of  it  is  pressed  forward,  and  at  the  same 
time  the  pressure  of  the  atmosphere  forces  in  water  to  till 
the  space  or  vacuum  that  it  would  otherwise  leave  behind 
it.  The  return  of  tlie  water  must  be  prevented,  or  the  work 
done  by  lifting  it  will  be  wasted.  Valves  which  open  freely  ■ 
to  forward  motion  of  the  water  and  close  against  its  return, 
are,  therefore,  a  necessity,  both  upon  the  suction  and  the 
delivery  sides  of  the  pump. 

All  valves  break  up  and  distort,  in  some  d^ree,  the  ad- 
vancing column  of  water.    Such  distortions  and  divisions 


I 
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frktioikal  reasUnoe,  which  coosoiDee  ix>wvr.  The 
>alre  diat  adiulB  the  psas^ge  of  the  ooluum  i^f  wutor  by  or 
thfOQgh  H  widi  tibe  InsS  dirisrai  or  d«*llection  &vhu  it^si  dirvd 
ooane»  aeatnlnes  least  of  ihe  moCiTe  powvr.  Shart  Wuds 
and  eontimcliaos  in  water  passagve^  that  ooasunke  a  grvat 
deal  of  power  or  equivalent  head,  ofXen  occur  in  their  wont 
degree  in  pump  valres. 

Tbe  pUton  volte  which  movee  entirely  out  of  the  water- 
pasBge,  and  permits  the  flow  of  wator  in  a  single  cylindrical 
column,  9nch  for  instance  as  was  used  in  the  Darliugton 
and  Junker  water-engines^*  is  perhajis  least  objix'tioiiable 
in  the  matter  of  fiictional  resistance  to  tho  moving  water, 
but  is  often  inconvenient  to  us«*.  Tlio  single  tla|>-valv»» 
(Pig.  137),  with  area  at  30"  lift  exceeding  the  sei*tional  area 
of  the  pump  cylinder,  gives  also  a  miniiniun  amimnt  of  fHo- 
tional  resistance. 

Tlic  single  annular  form  of  cohunn,  while  jvissing  tlwx)ngh 
the  valve,  is  less  objectionable  tlian  any  of  the  otlicr  divi- 
sions of  the  water,  and  annular  valve  o|HMiing8  have  \hh^i\ 
the  favorite  forms  in  nearly  all  the  large  pumping  ma- 
chines. 

In  some  of  the  earlier  pximps  the  suction  was  through  a 
single  valve  with  two  annular  opoiiings,  after  the  Harvey 
and  West  model,  or,  as  more  familiarly  known,  the  Cornish 
double-beat  valve,  similar  to  Pig.  138,  illustniting  the  valves 
used  in  the  Brooklyn  engines. 

When  pumps  l^^^gan  to  be  built  of  great  magnitude, 
requiring  large  capacities  for  flow,  and  the  valv(*M  were 
increased  in  size  to  two  feet  diameter  and  ui»ward,  the 
valves  were  found  to  strike  very  powerful  blows  as  they 


P  •  Vidt  illiujtTmtion  of  a  wat«renjrlnc  in  Rankino'i  "Steam  EDglno,"  p.  140, 
Loodcm»  1878»  aad  Lvdner's  H^drosUtlcs  aad  Poomzutici,  p.  812.  London, 
1874. 
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came  upon  their  seats,  and  to  make  the  whole  machine,  the 
building,  and  the  earth  around  the  foundations  tremble. 

Thia  annoyance  led  to  dividing  the  valves  into  nests  of 
five  or  more  valves  of  similar  double-beat  form.  In  London 
and  other  large  English  cities  the  valves  have  of  late  been 
of  the /our-beal  class,  or  Husband's  model. 

In  many  pumps  the  valves  have  of  late  been  divided  into 
nests  of  twelve  or  more  rubber-disks  (Fig.  139)  in  each  set, 
seating  upon  grated  openings  in  a  flat  valve-plate.  Each 
subdivision  increases  the  frictional  resistance,  but  reduces 
the  force  of  the  blow,  or  waler-^uimmer,  when  the  valve 
strikes  its  seat. 

The  suction  and  delivery  valves  of  the  piston  pumps 
(Fig.  134)  were  usually  of  the  flap  or  hinged  patt*»rn.  These 
piston-pnmps  had  sometimes,  though  rarely,  their  cylinders 
placed  vertically,  as  at  the  Centre  Square  Works  erected  in 


MOTION    OF    WATER    THROUGH    PUMPS. 


571 


Fio.   130. 


^.H 


5 


~5 


^. 


Philadelphia  in  1801,  and  at  the  Schuylkill  Works  erects 
in  the  same  city  in  1844.  They  were  inclined  ten  or  twelve 
degi-ees  from  the  horizontal  at  Montreal. 

Ttie  horizontal  plunger, 
or  "  Worthington "  pumpa 
(page  223),  Imve  uniformly 
"been  fitted  with  nests  of  rub- 
ber disk  valves. 

The  best  of  the  modem 
steam  fire-engines  are  fitted 
with  nests  of  rubber  disk 
valves,  showing  that  tliis 
class  of  valve  is  a  favorite 
when  the  pressure  is  great  and  the  motion  is  rapid- 

The  rubber  disk  valve  (Fig.  139)  was  sketched  from  an 
Amoskeag  fire-steamor  valve. 

545.  Motion  of  Water  Through  l*iuiips.— Water  is 
80  heavy  and  inelastic  that  lai^e  columns  of  it  cannot  be 
quickly  started  or  stopi)ed,  without  the  exertion  or  opposi- 
tion of  great  power  to  overcome  its  inertia,  or  vis  vim. 
Tliere  is  then^fore  an  advantage,  as  resi>ect8  the  even  and 
moderate  consumption  of  power,  when  the  piston  or  plunger 
motion  is  reciprocal,  in  making  the  strokes  long,  and  few 
per  minute. 

The  case  is  entirely  different  with  an  elastic  fluid  like 
steam.  Tlie  tendency  of  tlie  most  successful  modem  steam 
engineering  has  been  toward  quick  strokes  and  high  steam 
pressures,  and  witli  high  degrees  of  expansion  in  the  larger 
engines. 

The  "indoor"  ends  of  the  beams  of  the  best  Cornish 
pnmping-engines  arfj  longer  than  the  '» outdoor"  ends,  and 
it  is  claimed  as  one  of  their  special  advantages  that  the  in- 
door or  steam  stroke  that  lifts  the  plunger  pole  can  be  made 
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with  rapidity,  while  the  outdoor  stroke,  or  fall  of  the 
plunger  by  its  own  weight,  can  be  gradual,  and  thus  the 
water  be  pressed  forward  at  a  neaily  steady  and  unifonn 
rate.  The  single-cylinder,  single-acting,  nou-rotative  Cor- 
nish engine  is  admirably  adapted  to  the  work  to  which 
it  was  early  applied  hy  Watt  and  Boulton — namely,  the 
raising  of  water  from  the  deep  pits  of  mines  by  suc- 
cessive lifts  to  the  surface  adits,  where  it  flowed  fi-eely 
away ;  but  whin  applied  to  long  force-mains  of  water- 
supplies,  a  stand-pipe  near  the  pump  becomes  a  necessity 
to  neuti-alize  the  straining  and  laborious  effects  of  the  inter- 
mittent action. 

54C5«  Doiible-Aetiii^  Piiiniuiig-En^lneB, — ^The  de- 
sire to  overcome  the  objectionable  intermittent  delivery  of 
the  single-acting  pump,  as  well  as  the  influence  of  the  sharp 
competition  among  engine-builders,  that  forced  them  to 
study  methods  of  f economizing  tlie  fii'st  cost  of  the  machines 
whUe  maintaining  their  capacity  and  economy  of  action, 
led  to  the  introduction,  for  water-supply  pumping,  of  the 
compound  or  double  cylinder,  double-acting,  rotative  or 
fly-wheel  engine.  This  last  class  of  engines  was  brought  to 
a  high  state  of  perfection  by  Mr.  Wicksted  and  Mr.  Simp- 
son at  the  London  pumping  stations.  Some  admirable 
pumping  machines  of  tliis  class  have  been  constructed  for 
American  water-works  from  designs  of  Messrs.  Wright, 
Cregeir,  Leavitt,  and  others. 

547.  Gesired  PuiuiiinK-Eugines. — Gh^red  compound 
pum])ing-engine8,  one  style  of  which  ^the  Nagle)  is  shown  in 
side  and  end  elevations*  in  Figs.  140  (p.  377)  and  141  (p.  573), 
are  well  adapted  both  for  direct  pumping,  and  also  where 
the  reservoir  and  direct  systems  are  combinc^d.    Advantage 


*  From  tbp  desigu  adopted  for  the  Prorideooe  High  Service,  aad  working 
with  direct  preaeure. 
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may  here  be  taken  of  high  pressure  of  steam,  rapid  steam 
piston  stroke,  and  large  degree  of  steam  expansion,  while 
the  water  piston  moves  relatively  alow  with  a  mijumum 
number  of  reversals. 

548.  Costs  of  Puiupiug  Water. — The  following  table 
(p.  675)  gives  the  running  expenses  for  pumping  water  in 
various  cities. 

549*  Dutj'  of  Pumping  Eng:ineH. — ^The  duty  or 
effective  work  of  a  steam  puniping-cngine,  as  now  usually 
expressed,  is  the  ratio  of  the  product,  in  foot-pounds,  of 
the  weight  of  water  into  the  height  it  is  lifted,  to  one  hun- 
dred pounds  of  the  coal  burned  to  lift  the  water. 

Tills  standard  is  an  outgrowth  from  that  established 
by  Watt,  about  the  year  1780,  for  the  purpose  of  compar- 
ing the  peiformances  of  pumping-ongines  in  the  Cornish 
mines,  when  Messrs.  Boulton  and  Watt  first  introduced 
their  improved  pumping-euginos  uj)on  condition  that  their 
compensation  was  to  be  derived  from  a  share  of  the  saving 
in  fu<^l.  Watt  first  ust^d  a  busli*»l  of  coal  as  the  unit  of 
measure  of  fuel,  equal  to  about  94  pounds,  and  afterward 
a  cwt  of  coal,  equal  to  112  pounds.  More  recently,  in 
European  practice,  and  generally  in  American  practict, 
100  pounds  of  coal  is  the  unit  of  measure  of  fuel.  In  some 
recent  refined  exi>erimeuts,  the  weight  of  ashes  and  clinkere 
is  deducted,  and  the  unit  of  measure  of  fuel  is  the  combus- 
tible portion  of  100  pounds  of  coal,  Tlie  use  of  these  sev- 
eral units,  differing  l)ut  slightly  from  each  other  in  valne. 
leads  to  confusion  or  apparent  \vide  discrepancies  in  result*!, 
when  the  performances  of  different  pumping-engines  an? 
compared,  unless  the  res;ilts  are  all  reduced  to  an  uniform 
standard. 

To  construct  an  equation  in  conformity  with  the  mon? 
generally  accepted  standard  of  duty,  let  Q  be  the  volume 
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of  water  delivered  in  any  given  time  into  the  force-main,  in 
gallons;  w  the  weight*  of  a  gallon  of  water  in  pounds 
{=  S.34  lbs.  approximately) ;  H  the  dynamic  height  of  lift ; 
h  the  height  equivalent  to  the  frictional  i*e&ibtance  between 
pumps  and  reservoir,  including  resistances  of  flow,  valves^ 
bends,  etc.,  in  the  force-main,  but  not  the  work  due  to  in- 
termittent motion  of  pumps,  or  to  bends  and  frictions  within 
tlie  pump  iVdelf ;  W  the  weight,  in  pounds,  of  coal  passed 
into  the  furnace  in  the  given  time ;  and  D  the  duty  jier  100 
pounds  of  coal ;  then 


.01 W 


(10) 


Sometimes  the  value  of  Q  is  expressed  in  cubic  feet,  in 
which  case  w  is  the  weight  in  pounds  of  a  cubic  foot  of 
•water  (=  62.33  lbs.  approxjniately). 

If  it  is  preferred  to  use  the  area  of  plunger,  its  mean  rate 
of  motion  in  the  given  time,  and  the  pressure  against  which 
it  moves,  as  factors  in  the  calculation,  then  the  equivalent 
equation  of  duty  D,  takes  the  form, 


B 


cA  xVx  t  X  {P  -\-p) 
.01 TT  ' 


in  wliich  A  is  the  area,  in  square  feet,  of  the  piston  or 
bucket,  and  c  its  coefiBcient  of  effective  delivery,  which 
varies  from  .GO  to  .98,  according  to  design  or  conditioQ  of 
the  valves  and  velocity  of  flow  through  them ;  V  the  mean 
rate  of  motion,  in  feet  per  minute,  of  the  plunger  or  bucket ; 
t  the  given  time,  in  minutes ;  P  the  pressure,  in  pounds, 
due  to  the  dynamic  head  ;  p  the  pressure  in  pounds  due  to 
the  resistances  in  the  force-main ;  and  W  the  weight  of 
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coal,  in  pounds,  passed  into   the  furnace  in  the  given 
time. 

U  Wis  taken  for  denominator  in  the  equation  instead  of 
,01  TT,  then  the  result  gives  the  duty  per  pound  of  coaL 

The  numerator  in  each  equation  refers  to  the  foot-pounds 
of  work  done  by  the  plunger  or  bucket  of  the  pumji  iu  •effec- 
tive delivery  of  water  into  and  efflux  from  the  fon^e-main, 
and  the  denominator  refers  to  the  foot-pounds  of  work  con- 
verted from  the  heat  in  the  coal,  and  effectively  applitMi  by 
the  combination  of  boiler  and  steam  engine. 

The  coefficient  c  and  the  terms  k  and  p  in  equations  10 
and  11  are  ordinaril}^  appreciably  variable  with  variable 
jates  of  plunger  or  bucket  motion.  Preliminary  to  a  general 
duty  test  of  a  pump  the  values  of  c  for  different  veloeitiee 
or  rates  of  piston  motion,  from  minirauni  to  luaxiuium, 
should  be  determined  by  a  reliable  and  accurate  weight  or 
weir  test,  and  the  value  of  ^  or  ^  be  accurately  determined 
for  similar  conditions  by  an  accurate  gatige  or  pn^ssuiv  test^ 
and  a  scale,  per  unit  of  velocity  prepar*^  for  each,  so  that 
\'alues  may  be  read  off  for  the  actual  rates  of  piston  motion 
during  the  general  test 

The  main  parts  or  divisions  wliich  make  up  a  steam 
pumping  engine,  arc : 

1.  Boilers  (including  grates,  heating  surfaces,  Bt*'nm  and 
water  spaces,  and  flues). 

2.  Steam  engine  (including  steam  pipes,  cyllndors,  valves> 
pistons,  and  condensing  apparatus). 

3.  Pamp  (including  water  passages,  cylinders,  plungw 
or  bucket,  and  valves). 

In  comparisons  of  data,  for  the  selection  or  deslgii  of  lh« 
parts  of  such  a  combination,  the  classes  of  each  part,  shouhl 
be  considered  in  detail,  independently,  with  prime  coHts, 
37 
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since  if  either  part  ^ves  a  low  duty  alone,  the  duty  of  the 
combination  will  suffer  in  consequence. 

Attention  will  be  given  especially  to  the  evaporative 
power  of  the  boiler  and  its  duty,  or  ratio  of  effective  to 
tht'oretical  pressure  delivered  into  the  steam  pipe;  the  effec- 
tive piston  pressure  capabilities  or  duty  of  the  steam  cylin- 
der, over  and  above  its  condensations,  enhanced  by  slow 
motion,  leakages  of  steam,  aud  frictions ;  and  the  frictional 
resistances  of  the  pump  piston  or  plunger,  and  valves,  and 
reactions  in  the  water  passages. 

Each  pound  of  good  coal,  according  to  the  dynamic 
theory  of  heat,  contains  in  its  combustible  part  about  14,000 
heat  units,  which  are  developed  into  n  force  by  the  burning 
of  the  coal  to  produce  steam,  and  this  force  is  capable  of 
performing  a  definite  amount  of  work.  From  sixteen  to 
twenty  per  cent  of  these  heat  units  are,  ordinarily,  lost  by 
escape  up  the  chimney ;  sixteen  to  twenty  per  cent  addi- 
tional are  lost  by  condensation  of  tlie  steam  in  the  ]»ipes 
and  cylinders,  and  by  leakage  past  the  i)iston  or  valves  into 
the  condenser,  and  about  fifty  per  cent,  of  their  eipiivalents 
escape  with  the  exhaust  steam  into  the  condenser.  Only 
about  ten  or  twelve  per  cent,  of  t!iese  heat  units  are  ordi- 
narily transformed  into  actual  useful  work  done  by  the 
steam. 

If  the  engine  has  many  nibbing  surfaces,  or  binds  at 
any  bearing,  or  if  the  pumps  have  crooked  water  passages, 
many  divisions  of  the  jet  in  the  valves,  frequent  and  rapid 
startings  aud  checkings  of  the  water  column,  or  if  its  binds 
at  any  bearing,  then  each  of  these  resistances  consume  a 
portion  of  the  remaining  ten  or  twelve  per  cent  of  us«:'fnl 
work  of  the  steam. 

Stability  and  substantiality  are  matters  of  the  utmost 
importance  to  be  considered  in  the  selection  of  a  class  or 
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mana&ctnje  of  pumping  engines.    By  theoe  termSf  in  Uiis 

oonnecoon,  we  mean  the  capability  of  enduranci*  of  coiitin- 

Qoos  action  at  the  standard  rate  and  work,  without  stopiiage 

for  Impairs,  and  with  the  minimam  expenditure  for  n^]);iirs. 

This  power  of  continuous  work  at  a  luuxiuium  rato  is  of 

fw  greater  value,  ordinarilyj  than  an  extjvmely  high  duty, 

if  stability  is  sacrificed  in  part  for  the  attainment  of  a  high 

duty,  for  the  comfort  and  safety  of  the  cit}'  may  bo  jeopani- 

ized  by  a  weakness  in  its  pumping  engine.    Stability  Innng 

first  attained,  then  duty  becomes  an  element  of  excellence 

and  superiority. 

Pio.  14a 
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cbvsun's  ouruut'joirvAi.  Ttr>BtNK  (m.  o.  wooo  *  CO.,  rHitA.) 

550.  Special  Trial  Dutlen.— The  following  table  (page 
680)  gives  the  duty  resulta  obtained  by  special  irinlH  of 
various  engines,  under  the  direction  of  experte*.* 

551.  Economy  of  a  llif^h  Duty.— The  financial  value 
of  a  high  d7dt/  is  too  often  overlooked. 

*  VifU  report  of  Messrs.  Low,  Roberta  and  Bognrt ;  la  Journal  of  Amerimn 
6ociet7  of  QvU  Engineere.    Vol.  fV,  p.  142. 
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Engines  of  finbstantial  r.onstniction  can  now  l>e  readily 
obtained,  that,  wlien  working  continuously  at  their  stand- 
ard capacities,  will  give  duties  of  from  75  to  100  million 
foot-i)ound9  per  100  pounds  of  coal.  When  they  are  real- 
izing less  than  their  maximum  duties,  money,  or  its  equiva- 
lent, goes  to  waste. 

We  have  just  seen  (§  549)  that  duty  is  a  ratio  of  effec- 
tive work.  If  we  divide  the  dynamic  work  to  be  done  by 
this  ratio,  then  we  have  the  pounds  of  coal  required  to  do 
the  work  when  the  given  duty  is  realized. 

Let  1)  be  the  given  duty  in  foot-pounds  per  100  pounds 
of  coal ;  Q  the  volume  of  water  delivered  into  the  force-main 
in  gallons ;  w  the  weight  of  a  gallon  of  water,  in  pounds 
(=8.34  lbs.,  approximately);  //the  actual  height  of  lift; 
h.  the  height  e(iuivalent  to  the  frictionnl  resistanc(\s  in  the 
main ;  and  TFthe  weight  of  coal  required,  in  pounds ;  then 
we  have  for  equation  of  weight  of  coal, 


™._  lOOg  X  «?  X  (-g"+  A) 


(12) 


When  Q  and  D  are  in  even  millions,  the  coraputation 
will  be  shortened  by  taking  one  million  as  the  unit  for  those 
quantities. 

Let  us  assume  that  we  have  one  million  gallons  of  water 
to  lift  100  feet  high  in  twenty-four  hours,  then  the  pounds 
of  coal  i-equired  at  various  duties  will  be  approximately 
as  follows : 

TABLE     No.   1  14. 
Comparative  Consumptions  of  Coal  at  Different  Duties. 


Duty.  InmimoiM 

Pounds  of  oool 

K>5 

19* 

too 

^ 

9<» 

9«7 

,25 

So 
1041 

7S 
sisa 

70 

tI9B 

Duty.  inmllUons 

A 

to 

1516 

.cS 

aJI 

^1 

^ 

M 
4170 

The  relatire  costs  per  annum,  in  dollars,  for  lifting 
▼arionfl  qaantxtka  of  water  daily  100  feet  high,  at  dlSerent 
dotieB^  irin  be  approximately  as  in  the  following  table, 
on  the  aaramptioD  that  tbe  coal  006t6  t&  per  ton  of  dUOU 
poundfly  when  ddivervd  into  the  foraace, 

TABLE    No.   1  IS, 
Fun.  EzFSsrsES  roR  Flicpixc^  Compared  ov  J>vtt  Bases. 

S^^n  at  ^mamtcf^kim 


■dlic^oi 

' 

1 

8 

3 

4 

d 

8 

!  « 

a 

^0femmipt^mmmmm, 

imdM^n. 

no 

tl»77.86 

♦35S6 

Mm 

$5111 

•7667 

fl0223 

•U;3^ 

t 

1419-85 

2»40 

4360 

5679 

^19 

"359 

1597.3a 

3i95 

479a 

6389 

95&4 

12778 

>S9734 

70 

1835. 5t 

3651 

5477 

7302 

10953 

14604 

182S$ 

60 

SX29.76 

4960 

6339 

8519 

"779 

1703S 

21398- 

SO 

«555-7a 

5X11 

7667 

I0333 

15334 

10446 

3S557 

¥> 

3KM.65 

6389 

9584 

12769 

1916S 

25537 

JiWft'i 

30 

4359-53 

«5I9 

13779 

17038 

25557 

34076 

43»9S' 

mt 

6389.30 

12768 

19168 

25537 

39336 

51174 

63893^ 

If  the  lift,  is  160  feet,  then  the  annual  cost  will  be  oae 
and  one-lialf  times  the  above  amounts  respectively,  if  200 
feet,  twice  the  above  amounts,  etc. 

If  we  have  four  million  gallons  per  day  to  pump  100  feet 
high,  then  the  cost  of  coal  per  annum  for  a  100  million 
duty  engine  will  be  about  $5000,  and  witli  a  20  million  duty 
engine  about  125000.  If  we  have  to  pump  the  same  T\-a(er 
200  feet,  the  coal  for  the  first  engine  will  cost  about  if  10,200 
and  with  the  second  engine  $51,000.  These  sums  capital* 
ized  represent  the  relative  financial  values  of  the  engines, 
BO  far  as  relates  to  cost  of  fuel. 

If  pumping-engines  are  sufficiently  strong,  of  good  me- 
chanical workmanship,  and  simple  in  arrangement  of  parts, 
then  the  cost  of  attendance,  lubricants,  and  ordinary  re- 
pairs, while  doing  a  given  work,  will  be  substantially  the 
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Barae  for  different  makes  or  designs.  Beyond  this  the  rela- 
tive merits  of  machines  of  equal  stability,  independent  of 
prime  cost,  are  nearly  in  the  inverse  order  of  the  amount  of 
fuel  they  require  to  do  a  given  work- 
But  the  first  costs  of  the  complete  combination  should 
be  made  a  factor  in  the  comparison,  including  costs  of  foun- 
dations and  extra  costs  of  buildings,  standpipes,  etc.,  if  re- 
quii-ed,  as  in  the  case  of  Coniish  engines.  Then  the  relative 
economic  merits  are  inversely  as  the  products  of  costs  into 
reciprocals  of  duties,  or  directly  as  duty  divided  by  cost 

Let  Cj  be  the  cost  in  dollars  of  the  complete  pumping- 
engine,  including  foundations,  pump-wells,  etc.,  and  D  the 
duty  in  millions,  then  the  most  economic  engine,  so  far  as 
relates  to  cost  of  fuel,  will  be  that  which  has  the  least 

product  ot  Ci  y.  yr  or  -^,  and  the  relative  result  will  be  very 

nearly  the  same  if  the  cost  of  engine  is  capitalized. 

Let  %  be  the  per  cent.,  or  rate  of  interest  at  which  the 
cost  is  capitalized,  then  the  most  economic  engine,  as  to 
prime  cost  and  duty,  will  be  that  which  has  the  least  pro- 
C4       1    .1 


duct  of 


% 


^i'^^j^ 


X       jy 


Let  us  assume  that  we  have  five  million  gallons  of  water 
to  lift  100  feet  high  per  day,  and  that  a  standard  engine  of 
suitable  capacity  to  do  the  work,  realizing  one  hundred  raU- 
lion  duty,  will  cost  $66,000. 

With  this  standard  let  us  compare,  financially,  engines 
of  less  first  cost  and  giving  less  duties,  as  in  the  following 
table,  in  which  the  ratio  of  the  standard  is  taken  equal 
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TABLE     N  o.   1  1  6. 

Comparison  of  Values  or  Pumping-Engines  of  Various  Prime 
Costs  and  Duties  on  Fuel  Bases. 


Con-=  Cj. 

Dim  ~  D. 

Ratio. 

$65,000 
60,000 
50,000 
4S,ooo 

3S'0oo 
35*000 

XOO  M. 

90  " 

75  " 
60  " 

50  " 
30  « 

650.0 
666.6 
666.6 

750.0 
700.0 

8333 

1. 015 

1. 025 

>-i53 
1.077 
1.382 

By  the  colun^n  of  ratios  in  the  table  we  learn  that  the 
$25,000  engine  will  really  cost  twenty-eight  per  cent,  more 
per  annum  than  the  $65,000  engine,  for  the  same  work,  and 
that  the  purchase  of  the  assumed  standard  engine,  if  it  has 
stability  equal  to  that  of  the  lower-priced  engine,  will  lead 
to  the  most  profitable  results. 

In  the  table,  the  $50,DtX>  pumping-engine  giving  a  seventy- 
five  million  duty,  is  seen  to  have  a  financial  value  almost 
identical  witli  that  of  the  assumed  standard  engine.  If  it 
is  also  freer  from  liability  to  breakage  or  interruption,  if  it 
require-3  less  labor  or  less  skill  in  attendance,  if  it  is  easier 
in  adjustment  to  varylnq:  work  when  variable  work  is  to 
be  performed,  or  if  it  is  better  adapted  mwhanically  to  the 
special  work  to  be  ]ierformed»  then  the  pmcticAl  over- 
balances the  financial  advantages,  and  it  is  obviously  en- 
titled to  preference  in  the  selection,  and  good  judgment  Fill 
lead  to  the  purchase  of  this  rather  than  of  the  assumed 
standard  engine. 
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CHAPTEE   XXV. 

SYSTEMS    OF    WATER    SUPPLY. 

552.  Permanence  or  Supply  Essential.— Let  the 

projector  of  a  public  water  supply  first  make  Idmself  fainil- 
witli  the  possible  scope  and  objects  of  a  good  and  ample 
system  of  water  supply,  and  become  fully  conscious  of  how 
intimately  it  is  to  be  connected  with  the  well-being  of  the 
]^opIe  and  tlieir  active  industries  in  all  departments  of  their 
arts,  mechanics,  trade,  and  commerce,  as  well  as  in  their 
culinary  operations,  and  let  bira  also  appreciate  the  conse- 
quences of  its  failure,  or  partial  failm-e  after  a  season  of 
anccesa. 

When  the  people  have  become  accustomed  to  the  i-eady 
flow  from  the  faucets,  at  the  sinks  and  basins,  and  in  tbe 
shops  and  warehouses,  then,  if  the  pumps  cease  motion  or 
the  valve  is  closed  at  the  reservoir,  the  household  oper- 
ations, from  laundry  to  nurser}^  are  brought  to  a  stand- 
still— engines  in  the  shops  cease  motion,  hydraulic  hoists 
and  motors  in  the  warehouses  cease  to  handle  goods,  rail- 
way trains,  ocean  steamers,  and  coasters  delay  for  water, 
and  a  general  paralysis  checks  the  busy  activity  of  the 
city.  What  a  thrill  is  then  given  by  an  alarm  of  lire,  be- 
cause there  is  no  pressure  or  flow  at  the  hydrants  I 

The  precious  waters  of  the  reser\  oirs  preside  over  cities 
■with  protecting  influences,  enliancing  prosperity,  comfort, 
safety  and  health,  and  are  not  nn-ths,  as  were  the  goddesses 
in  ancient  m}ihology,  presiding  over  harvests,  flowers, 
fhiits,  health  and  happiness. 
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Let  the  designer  and  builder  of  the  public  water  system 
feel  that  his  work  luuijt  be  complete,  durable,  and  unfail- 
ing, and  let  this  feeling  guide  liis  whole  thought  and 
energy,  then  there  is  little  danger  of  his  going  astray  as  to 
system,  whether  it  be  calhxl  ''gravitation"  "reeervoir/' 
"stand-pipe,"  or  "direct  pressure,"  or  of  his  being  enam- 
ored with  lauded  but  suspicious  mechanical  pumping  au- 
tomatons, and  uncertain  valve  and  hydrant  fixtures. 

AVlien  the  people  have  learned  to  depend,  or  must  of 
necessity  depend,  upon  the  public  pii)es  for  their  indis- 
pensable water,  it  must  flow  unceasingly  as  does  the  blood 
in  our  veins.  All  elements  of  uncertainty  must  be  over- 
come, and  the  safest  and  most  reliable  structures  and  ma- 
chines be  provided. 

Many  times,  in  different  cities,  a  neglect,  apparently 
slight,  has  cost,  through  failure,  a  fearful  amount,  when 
sacrificed  life  and  treasure  and  a  broad  smouldering  swartli 
across  the  city  were  the  penfilty.  Hanng  water-works  is 
not  iilways  having  full  protection,  unless  they  ai"e  fully 
adequate  for  the  most  trying  hoiu*. 

553.  Meiluxls  of  Gathering  and  Delivering  Water. 
— Tiiere  is  no  m3''stery  about  ^^  sf/sle7ns^^  of  water  supply, 
as  they  have  of  late  been  often  classified.  The  problem  is 
siraply  to  search  out  the  best  motliod  of  gathering  or  secur- 
ing an  ample  supply  of  wholesome  water,  and  then  to 
devise  the  best  method  of  delivering  that  supply  to  the 
people. 

Usually  there  is  one  source  whose  merits  and  demerits, 
when  intelligently  examined,  favorably  outweiglis  the 
merits  and  demerits  of  each  and  every  other  source,  and 
there  is  usually  one  method  of  delivery  that  is  conspicu- 
ously better  than  all  others,  when  all  the  local  exigencies 
are  seen  and  foreseen. 
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The  usual  methods  of  gathering  the  required  supply  are, 
to  imiiound  aud  store  the  rainfall  or  flow  of  blivains  among 
the  hills  ;  draw  from  a  natural  lake  ;  draw  from  a  running 
river ;  or  draw  from  an  artesian  well. 

The  usiial  methods  of  delivering  water  are,  by  gravita- 
tion from  an  elevated  impounding  basin  ;  elevation  by 
steam  or  water  j)ower  to  a  reservoir  and  from  thence  a  flow 
by  gravity ;  elevation  to  low  and  high  service  reservoirs, 
and  from  thence  flow  by  gravity  to  respective  districts ;  and 
by  forcing  with  pressure  direct  into  the  distribution-pipes, 
and  cushioning  the  motion  by  a  stand-pipe,  or  ample  air- 
ressel  and  relief  valve. 

554-  Choice  of  Water,— The  pumped  supplies  are 
usually  dmwn  from  lake,  river,  or  subterranean  sources. 

The  selection  of  a  lake  or  river  water  for  domestic  use  is 
to  be  governed  by  considerations  of  wliolesorae  purity  ;  and 
cautiousness  of  financial  expenditure  must  not  in  this  direo 
tion  exert  too  strong  an  influence  iu  opposition  to  inflexible 
sanitary  laws. 

Tliis  selection  involves  an  intelligent  examination  of  the 
origin  and  character  of  the  imprc^gnations  and  suspended 
inipnrities  (»f  tiie  water,  and  tlie  jx>ssibility  of  titeir  thorough 
clarification. 

Npne  of  the  waters  of  Nature  are  strictly  pure.  Some 
of  the  impurities  aiv  really  beneficial,  while  others,  which 
arc  often  present,  are  not  to  be  acceptt*d  or  tolerated.  A 
mere  suspicion  that  a  water  supply  is  foul  or  unwholesome, 
even  though  notbas*^  on  substantial  fai^t^  is  often  a  serious 
financial  disadvantage ;  therefore  earnest  effort  to  maintain 
tlip  purity  of  tlie  water  must  extend  also  to  the  removal  of 
causes  of  suspicion. 

Chemical  science  and  microscopy  are  valuable  aids  in 
this  portion  of  the  investigation  of  the  qualities  of  waters  ; 
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but  we  have  detailed  in  tbe  first  part  of  this  treatise  so 
mimitcly  tbe  nature  and  source  of  the  chief  impurities,  and 
so  carefully  pointed  out  those  that  are  compamtively  hanu- 
les3  and  those  that  are  deadly,  that  an  intelligent  opinion 
can  generally  be  readily  formed  of  tlie  comparative  puri- 
ties and  values  of  different  waters.  We  have  also  pointed 
out  how  waters  nia}'  be  clarilied  and  conducted  in  their  bvst 
condition  to  the  point  of  delivery,  and  distributed  in  tiie 
most  efficient  manner. 

Predictions  of  any  value  as  to  quantity  and  quality  of  a 
supply  from  a  projwsed  artesian  well,  deniand  a  knowledge 
of  the  local  geology  and  subteiTanean  hydrology,  which  is 
rarely  obtainable  until  the  completion  and  test  of  the  well; 
nevertheless  we  have  shown  the  conditions  under  which  a 
good  supply  of  water  may  be  anticiimted  with  n*asonable 
confidence. 

555,  Gi'avitatioii.— When  a  good  and  abundant  sup- 
ply of  water  can  be  gatheixxl  at  a  sufficient  elevation,  and 
within  an  accessible  distance,  the  essential  element  of  con- 
tinuous full-pressure  delivery  can  then  most  certainly  be 
secured,  and  in  the  matter  of  ]xissible  safety  the  gravitation 
metiiod  will  usually  bo  superior  to  all  othei's. 

The  quality  of  impounded  water,  w^hen  gaUieivd  in  small 
storage  reservoirs  and  from  n^latively  limited  watersheds,  is 
subject  to  some  of  those  unplea,sant  inttuences,  heretofore 
referred  to,  which  are  to  be  i>rovided  against ;  and  unless  the 
hydrology'  and  substructure  of*  the  gatiiering  basin  is  well 
understood,  the  permanence  of  the  supply  may  not  fuliill 
enthusiastic  anticipations. 

The  value  and  importance  of  sufficient  elevation  of  the 
sui>pl3Mng  reservoir,  when  the  delivery  is  by  gravity',  to 
meet  the  most  pressing  needs  of  the  fii-e-service,  ought  not 
to  be  overlooked,  for  an  efficient  lire-senico  is  usually  one 
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of  the  chief  objects  to  be  attained  in  a  complete  water 
supply. 

I  A  water  pressure  of  sixty  to  eighty  pounds  per  square 
incli  in  the  liydi-ants  in  the  vicinity  of  an  incipient  fire,  lias 
a  value  which  cannot  be  wholly  replaced  by  a  brigade  of 
fire-steamers  in  commission,  for  with  light-hose  carriages 
and  trained  hosemen,  connection  will  usually  be  made 
with  the  hydrants,  streams  be  put  in  motion,  and  the  fin* 
overpowered  before  pressure  is  raised  in  the  steamer's  boil- 
ers ;  and  the  tire  will  not  be  suffered  to  assume  unconquer- 
able headway  during  the  delay. 

I  Constant  liberal  pressures  in  the  hydrants  is  the  first 
element  of  prompt  and  effective  attack  upon  a  fire  immedi- 
ately after  an  alai-m  is  given.  Eacli  moment  lost  before  the 
beginning  of  an  energetic  attack  increases  greatly  tlie  diffi- 
culty of  subduing  the  fire,  and  the  probability  of  a  vast 
conflagration. 

The  element  of  distance  of  a  gravitation  supply,  as  re- 
gards cost  of  deliver^',  is  an  exacting  one,  and  the  lengths 
of  conduit  and  large  main  are  snrprisingly  short,  while  the 
balance  of  economy  of  delivery  remains  with  the  side  of  the 
gravitation  scheme  j  for  conduits  and  mains  are  expensive 
constructions,  and  soon  absorb  more  ea]>ital  and  interest 
than  would  pay  for  pumps  and  fuel  for  lifting  a  nearer 
HUpply  ;  still  an  element  of  safety  is  not  to  be  sacrifirx^  for 
a  moderate  difference  in  fii-st  cost. 

I  550.  Punipiiipf  with  Reservoir  Reserve.  —  As  re- 
gards safety  and  i-eliability  of  operation,  we  i>lace  second  tlie 
method  of  delivery  wht*n  the  supply  is  elevated  by  hydrau- 
lic power,  and  tliird  when  it  is  elevated  by  steam  power  to 
a  liberal-sized  reservoir  holding  in  store  from  six  to  ten 
diiys  reserve  6t  water,  from  whence  the  supply  flows  by 
.gravity  into  the  distribution-pipes.     If  in  such  case  there 
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are  duplicate  fii^t^lass  pampiDg-machines  whoee  combined 
cspMdtjr  is  equal  to  the  delireiy  of  the  whole  daUj  supply 
in  ten  boors,  or  one-half  equal  to  the  delireiy  of  the  whole 
daily  supply  in  twenty  bouis,  then  this  method  is  scarcely 
inferior  in  safety  to  the  graritatiou  method. 

The  elements  of  safety  may  be  equally  secured  in  the 
low  and  high  service  method,  when  the  physical  features  of 
the  town  or  city  make  such  division  desirable.  In  a  pre- 
vioaa  chapter  we  hare  shown  how  a  union  of  the  high  and 
low  service  may  be  made  an  especially  valuable  featuiv  in 
efficient  fire  service. 

The  records  of  nearly  all  the  water  departments  of  our 
largest  citiei^,  having  duplicate  pumping  machinery,  show 
how  valuable  and  indispensable  have  been  their  reserve 
stores  of  water,  and  refer  to  the  risks  that  would  have  been 
incurred  had  such  reservoir  storages  been  lacking. 

537-  l*iiiiiping  ^vitli  Direct  Pressnro. — We  place 
fourth,  as  regards  safety  and  reliability,  the  direct  pressure 
delivery  by  hydraulic  power,  and  fifth,  by  steam  poweT, 
with  either  stand-pipe  or  air-vessel  cushions  and  safety 
relief- valves. 

The  mechanical  arrangements  that  admit  of  this  method 
of  delivery  are  simple,  and  several  builders  of  pumping 
machinery  have  adapted  their  manufactures  to  its  special 
requirements,  but  in  point  of  continuous  reliability  the 
method  still  remains  inferior  to  gravity  flow. 

Even  wluni  tlie  most  substantial  and  most  simple  steam 
pumping  machineiy  is  adopted,  if  not  supplemented  by  an 
elevated  small  reserve  of  water,  this  metliod  of  deliveiy  is 
accompanied  with  risks  of  hot  bearings,  sudden  strains, 
unexpected  fracture  of  connection,  shaft,  cylinder,  valvt*- 
chest  or  pi]>e,  and  occasional  necessary  stoppages. 

The  best  pumping  combinations  are  so  certainly  liable 
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to  such  contingencies  that  cities  may  judiciously  hesitate  to 
rely  entirely  upon  the  infallibility  of  their  boilers,  engines, 
and  pumps,  even  when  so  fortunate  as  to  secure  attendants 
upon  whom  they  can  place  implicit  confidence. 

The  dinx-t  pressure  method,  alone,  necessitates  unceas- 
^^ing  firing  of  the  boiler  and  motion  of  the  pumping-engine, 
^■and  consequently  double  or  triple  sets  of  hands,  to  whose 
^Kintegrity  and  faithfulness,  night  and  day  and  at  all  times, 
^■tlie  works  are  committed. 

^^       Hydraulic  power  and  machinery  are  feir  more  reliable 
j       than  sU^am  machinery,  for  direct  pressure  uses,  and  liy- 
draulic  power  presents  the  great  advantage  of  being  able 
'      to  respond  almost  instantaneously  to  the  extreme  demand 
for  both  water  and  pressure,  while  a  dull  fii-e  under  the 
boiler  may  i-equlre  many  minutes  for  revival  so  as  to  raise 
^the  steam  to  the  effective  emergency  pressure.     An  example 
^■of  jmmping  machinery  of  five  million  gallons  capacity  per 
diom,  diaven  by  hydraulic  power,  is  shown  in  Fig.  143. 
Tins  set  of  pumping  machinery  was  constructed  for  the  city 
of  Manchester,  N.  11.,  by  the  Geyelin  dejjartnient  of  Messrs. 
R.  D.  Wood  &  Co.,  Philadelphia,  from  general  designs  by 
the  writer,  and  has  operated  very  satisfactorily  since  its 
I      completion  in  1874.    This  machinery  is  adapted  in  all  re- 
spet^ts  to  direct  pn^ssure  service^  and  was  so  used  during  a 
full  season  while  the  reservoir  was  in  process  of  construction, 
and  it  is  equally  well  adapted  to  its  ordinary  work  of  pump- 
ing water  to  the  distributinp  reservoir. 

The  direct  forcing  method  does  not  provide  for  the  de- 
»osition  or  removal  of  impurities  after  they  have  passed  tlie 
engine,  but  the  sediments  that  reach  the  pumps  are  passed 
forward  to  the  consumers  in  all  sections  of  the  pipe  distri- 
bution. 
In  combination  with  a  reservoir  sufficient  for  all  the 
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ofduiaryr  piirpoee&  and.  *>qimlxznxsr  iii£-  ^aulumr  wwrfc  ami 
die  otdiiuttT' pp>9»ire9  at  die  tap&.  aniiaLsG  oi  cfH&batttioii 
wfdL  A  7197  snaO.  nsa^vHC  ciie  dizeec  prissEaie  &a5Qes 
iiiajprr>vea  mo^valoabieaixxniuv  fa  cooes  ^^DszexicT. 
and  thej  axe  tiaea  wi>R  wortiL  die  imaenftkaac  difiaciace  in 
fine  eoA  of  paxapmg  mafhmery. 

la  die  anaHer  works  die  eanp»  Tim'ftfnny  aiid  in  laugier 
woriu  one-half  die  maeimieiy.  may  vich.  adranfiigie  be 
ca^fole  of  and  adapted  for  dfzect  pp^sEore  aetioii. 

If^  ingtead  of  sabetantol  and  ample  maeMnay  baih 
especukOj  Ibr  Ions  and  rei^bie  «»vii!e.  »>me  one  of  die 
iBCrKase  and  fragile  Tnarhtnes  finely  offered  in  die  market 
fer  dizeet  ptzmping  is  sabeomted.  and  £s  not  sapf^enKiit^ 
byaaampIeres»TOirrps«Te.  diena  risk  c?  aseamed  vhieh 
no  city  fan  knowingly  afl^rd  to  soilSer :  and  if  true  prin- 
ciples of  ecodomy  of  working  are  applied,  it  win  geneiallr 
1)e  Ibimd  that  no  rity  can.  apoa  w^-«scabl±^ied  bn^ness 
OktatTes,  aflbrd  to  pmcfaase  and  operate  sdcIl  machiDeiy. 

WeD  d»^agii»?d  and  substantially  constructed  pumping- 
machines.  such  as  are  now  offer»?d  by  several  reliable  build- 
ersL  when  contrasted  with  several  of  the  low-priced  and  low- 
duty  contrivances,  are  moet  economical  in  operation,  mobt 
economical  in  maintenance,  and  infinitely  superior  in  reli- 
ability for  long-continuous  work. 


JONVAL    TURBINE. 
Constructed  by  R.  D.  Wood  &  Co.,  Philadblpkia. 


XI^PENDIX. 

THE   METRIC    SYSTEM   OF   WEIGHTS   AND   MEASUREa 

The  use  of  the  metric  system  of  measure  and  weights 
raa  legalized  in  the  United  Stak'S  iu  1866  by  the  National 
►vemment,  and  is  used  in  the  coast  survey  by  tlie  engineer 
>rps,  and  to  considerable  extent  in  the  arts  and  tradea 

Several  of  the  best  treatises  on  theoretical  hydraulics 
ive  their  lengths  and  volumes  in  metric  measures,  and  we 
^ve  their  equivalents  in  United  States  measures  in  the 
following  tables. 

The  TnetrCj  which  is  the  unit  of  length,  area,  and  volume, 
"equals  30.37079  inches  or  3.280899  feet  in  length  lineal,  and 
long  each  edge  of  its  cube. 
This  unit  is,  for  measures  of  length,  multiplied  decimally 
into  the  decametre,  hectoTnetre,  kilometre,  and  myriametre^ 
and  is  subdivided  decimally  into  the  decimetre,  centimetre, 

tid  millimetre. 
The  affixes  are  derived  from  the  Greek  for  multiplication 
r  ten,  and  from  the  Latin  for  division  by  ten. 
The  measures  for  surface  and  volume  are  similarly 
vided. 

The  gramme  is  the  unit  of  weight  and  it  is  equal  to  the 
reight  of  a  cubic  centimetre  of  water,  at  its  maximum 
lensity,  in  vaciw,  =  .0022046  lbs. 

A  cubic  metre  of  water,  at  its  maximum  density,  weighs 
104.6  lbs,  avoir. 
88 
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Table  of  Frekch  Measures  and  UyrrsD  States  EoriTAuans 


Measure*  of  I.«o0th. 


I  HUlimecre.. 
I  Centimetre. 
I  Oecimeue.. 

1  Metre. 


No.  or 
Ucum. 


.001 

.01 

,1 


I  Decametre 10 

I  Hectometre 100 

I  Kilometre 1000 

I  Myriametre loooo 


.0393706  indb 
.393708  inch  = 
3.93706  incfaes 
39.3706  inches 
=  J0006214 
32.&06993  ft  = 
33Sx>S992  ft.  = 
33Sa5992  ft.  =: 
32806.9926.= 


^  JO032809  foot. 

=  .032609  fooc 

=  .3260699  ft  =  .1093633  yi 

=  3.26(^992  ft.  =  -196642  n» 

mQe. 

1.9SS42  rods  =  joo6ai3SiDil& 
19.&8424  rods=  ja62i3Snule. 
198.S424  rods  =  J62X3&3  mile- 
19S&424  rods  =  6121363  iiule& 


Maamires  of  Area. 


No.  of  aq. 
Metres.  I 


1  Centiaie. i 

I  Declare 10 

I  Are 100 

I  Decarc  (not  used  -  1000 

I  Hectare loooo 


—  ia7643  sq.  ft  =  1. 196033  sq.  yds.  =  .03953B 
sq.  rod. 

=    107  643  ! 

=  1076.43  sq. 


■643  sq.  ft.  =  .39538  sq.  rd.  =  .002471  acre. 

ft. --«--"    "<e    - 


=  107.G43  sq.  ft.  =  .39530  sq.  ro.  =  .002471  acre. 
=  1076.43  sq.  ft.  =  3-953S3  sq.  rds.  =  jQa47i  »"*■ 
=  10764.3  sq-  ft-  =  39-5383  sq.  rds.  =  0471  acre. 
=  J07643  sq.  ft-  =  395-363  sq-  rds.  =  2.47'  acres. 


M4 


lures  of  Volume. 


S'o,  of  m. 
Metres. 


I  MillilUre oooooi 

I  Centilitre 00001 

I  Decilitre .0001 

I  Litre 001  -. 

I  Decalitre 01  | 

1  Hectolitre i  ^ 

I  Kilolitre i  -. 


=  .0610279  cubic  indi. 

=  .610279  cubic  inch. 

=  6.10279  cu.  ins-  =  -00353  cu.  ft.  =  .026416s  gal- 

=  61.0279  cu.  ins.  =  .0353136  cu.  ft.  =  .864165 

gallon. 
=  6ia27g  cu.  ins.  =  .353*36  cu.  ft.  =  .013079^ 

cu.  vard. 
=  264165  gallons  =  3-53136  cu.  ft.  =  .13079'  ^ 

rard. 
=  264.1651  gallons  =  35*313  cu.  ft.  =  1.3079' 

cubic  yards. 
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Table  op  French  Measures  and  United  States  Equivalents 

{GntHnued). 

Measures  of  Solidity. 


X  Millistere . 
X  Ccntistere. 

1  Decistere.. 

I  Stere. 

I  Decastere. 
1  Hectostere 
X  Kilostere. . 


=  61.0379  cubic  Inches  =  .03533  cubic  foot. 
=  6x0.379  cu.  ios.  =  -353166  cu.  ft.  =  .013079  cu. 

yam. 
6102.79  <^*  ii^  =  3-531^  cu.  ft.  =  .130791  cubic 

=  61037.9  cu.  ins.  =  35.3166  cu.  ft.  =  1.30791  cu. 

3raFds. 
=  353.166  cu.  ft.  =  I3.079X  cu.  yards. 
=  3531.66  cu,  ft.  =  130.791  cu.  yards. 
=  35316.6  cu.  ft.  =  1307.91  cu.  yards. 


Measures  of  Weight. 


No.  of 
Grammes. 

X  Milligramme  — 
X  Centigramme. . . . 

X  Decigramme 

I  Gramme 

.001 
.01 
.1 
I 
10 
100 

1000 

=  .0x5432  grain. 

=  .15433  grain. 

=  1.543!*  grains  =  .0035274  oz.  Avoir. 

—  15-432  grs.  —  .035274  ox.  Av.  —  003205  lb.  Av. 

=  1 54-33  ffrs.  =  .35274  oz.  Av.  =  .02205  lb.  Av. 

=  I543'2  grs.  =  35274  oz-  Av.  =  ,2205  lb  Av. 

=  I5433.grs.  =  35.374  oz.  Av.  =  2.305  lbs.  Av. 

=  2204.737  lbs. 

X  Decagramme 

t  Hectogramme . . , 

X  Kilogramme 

I  Tonne 

A  cubic  inch  is  equal  to 

.004329  gallon;  or  .0005787  cu.  ft;  or  X6.3890T  millilitres;  or  I.638901 
<entilitres;  or  .X638901  decilitre;  or  .016389  litre;  or  .0x6389  millistere;  or 
"0016389  centistere. 

A  gallon  is  equal  to 

331  cubic  inches,  .13368  cubic  foot ;  or  .03x746  liquid  barrel ;  or  3785.5x3 
millilitres  ;  or  378.55X  centilitres  ;  or  37.855X  decilitres  ;  or  3.785513  litres  ;  or 
,37855x3  decalitre  ;  or  .037855  hectolitre ;  or  .0037855  kilolitre. 

A  cubic  foot  is  equal  to 

1738  cubic  inches  ;  or  7.48053  liquid  gallons  ;  or  6.333X  imperial  gallons ; 
or  3.31436  U.  S.  pecks ;  or  .803564  U.  S.  struck  bushel ;  or  .23748  liquid  bar- 
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rel  of  3l|  gallons;  or  3831.77  centilitres;  or  383,177  dccnUres:  or  38.3177 
litres;  or  a.83177  decalitres;  or  .283177  hectolitre;  or  0283177  kiloli!re:or 
38.3177  millisteres;  or  2.83177  centistercs  ;  or  .383177  decistere ;  or  .0385177 
store. 

The  imperial  gallon  is  equal  to 

.16046  cu.  feci ;  or  1.30033  U.  S.  liquid  gallons. 

A  cubic  yard  is  equal  to 

46656  cu.  inches  ;  or  301.97404  liquid  gallons  ;  or  37  cu.  feet ;  or  21.69605" 
struck  bushels  ;  or  764.578  litres  ;  or  76.4578  decalitres  ;  or  7.64578  hcctoliires; 
or  .764578  kilolitre  ;  or  764.578  milistcrcs  ;  or  76.4578  centistercs ;  or  7.G4$79 
dccistcrcs ;  or  .764578  stcrc ;  or  .0764578  decastere ;  or  .0076458  beccosierc; 
or  .00076458  kilosterc. 


Table  of  Units  or  Heads  akd  Pressures  of  Water  ano 
Equivalents. 


(Rankine.) 


One  fool  of  water  at  53'.3  Fah. 


lbs.  on  the  square  fooL 

inch. 


One  lb.  on  the  square  foot 
•'  "    inch 

One  atmosphere  (=  39.933  in.  mercury) 
One  inch  of  mercury,  at  32" 
One  cubic  foot  of  average  sea-water 

One  Fahrenheit  degree 
One  Centigrade  degree 
Temperature  of  melting  Ice 


63.4 

.433 

.0395      atmosphere. 

.8823     inch  of  mercury  at  33*,, 
.016026  foot  of  water. 
3.308       feet  of  water. 

33.9 
I. 1334 
1.036       cu.  ft.  of  pure  waier  to 


weight 

•  55555  Centigrade  degree, 

1.8  Fahrenheit  degrees. 

33°  on  Fahrenheit's  scaler 

0  "   Centigrade  scale. 
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Table  of  Average  Weights,  Strengths,  akd  Elasticities  of 
Materials. — (From  Trautwine,  Neville,  and  Rankine.) 


I 


I 


Ma 


>Aroo€U  (•eavoned  and  dry). 
Ash 

••  American  while 

Beech 

Cedar,  American 

*'        green. 

Chestnut 

Elm 

'•   very  diy 

Hemlock 

Hickory 

Maple 

Oak,  live 

"      white 

••      red 

Pine,  whiee 

"       northern  yellow 

**       southern      **       


Spruce . 
Walnut, 


black. 


Aluminum.  . 
Brass,  cast.  . 

"       rolled. 


Metala. 


Bronze  (copper  8  paru,  tin  i  part)..... 

Copper,  cast 

"         sheet ■ 

**         wire,  drawn • 

Glass 

Iron,  cast,  cold  blast • 

**         "      hot  blast 

**        **     wrought,  sheet  or  plate 

"         "  '*         large  bars 

Lead,  cast ■ 

"      milled 

Mercury  (at  33^  Fah..  S49  lbs.)  (at  212% 

S361bs.X  at  60" 

Silver 

Steel 

Tin,  cast. 

Zinc 


Earth   and  Stones  (dry). 

Asphaltum 

Brick,  common  hard 

"       soft -inferior 

•*       besf  pressed 

Cementi  American  Roscndale,  loose. . 
'•         Louisville 


Weight 
per 

CU.I11. 


.097a 
.3038 


I  I  I  R«»t. 

Weight  Specific  TeiuciLy  ancc  per 

ruM-  fin*  r»r  Sq.ia.tO 


CO.  ft. 


48-0 

38 

48 

47 
56.  B 

41 
36.B 

35 
25 
53 

49 
59-3 

51.8 
40.0 
25.0 

34*3 

45.0 
2S.O 


1 6a 
525 
524 
3085533 
.3063599 
■3"3538 
....  549 
■  3241560 
.0885153 
■2552:444 
...  443 
.2807 1485 
....    474 


.4152 


4896 

37  J 
2836 
3637 
2532 


Cm  /t. 
87.3 
125 

too 

150 

56 

49.6 


717 
713 

B46 

644 
490 
456 

437 

Cn.yd. 

2357 

3375 

3700 

4050 

1512 

1339 


'•77 
.61 

"77 
.75 

;l^ 

•59 
,56 

.40 

.85 
•79 
.95 
.83 

.40 
.55 

.72 
.40 
.61 


J3  58 


per 

aq.  m 


17000 

16000 

11400 
I3O0O 

13500 


13000 
16000 
10250 


7800 
12400 


I&OOO 

49000 

36000 

19000 
30000 
60000 

9400 

16700 

13500 

50000 

48000 

iBoo 

3300 


40900 

120000 

5300 

7500 


380 


cruKh- 
iiii(  force. 


9000 

8500 
4900 
5600 

10300 


6400 
6500 
6000 


5400 

5500 
7300 


10300 


3300O 
106000 
108000 


too 


mai 
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Table  of  Average  Weights,  Strengths,  Etc. — {Omrinmidy 


Hatvmal*. 


Cement,  English  Portland 

'*  French  Boulugne 

Clay,  potter's. 

"     dry,  in  lump,  loose 

Concrete 

Coal,  bituminous 

"      broken,  loose 

"      a  ton  occupies  43  to  48  cu.  ft 

Earth,  loam,  loose 

"         "       raoderntely  rammed 

••         "       asa  mud 

Granite. 

* '      quarried,  in  loose  piles 

Gneiss 

"      quarried,  in  loose  piles 

Greenstone 

"  quarried,  !□  loose  piles. ..... 

Gravel 

••    moderately  rammed,  dry 

"  moist 

Limestone •  • 

Lime,  ground,  loose 

Marble 

Masonry,  dressed  graniic,  or  limestone. . 
"    well-scabbled  mortar  rubble  of  do 

U  M  U  jjfy  M  t.      do 

"    roughly  "         "  "      "  do. 


Ctt,ft. 


/.Ar. 


"9 
63 


84 
50 

75 
95 
no 
168 
96 
168 
100 
187 
107 
100 

130 
130 

i63 

53 
165 
165 
154 
138 
125 


Weifbt 
oLyd. 


Spedficl  Tenuity 
G«v.  I      per 
*q.  ia. 


dressed  sandstone '144 

dry  rubble     "         

bnckwork,  medium 

'*  coarse ,  . . . . 

"    press'd  bricks,  close  joints 


Marl .... 

Mortar,  cement 

Peal,  unpressed 

Sand,  loose 

"      shaken 

"      wet 

Sandstone 

*'         quarried,  in  loose  pile. 

Slate 

Soapstone,  or  steatite 


Miscellaneous  Materials. 


Ice. 

Leather 

Oil,  linseed 

Petroleum 

Powder,  alighily  shaken 

Snow,  loose 

"      wet  and  compact. 
Water 


no 
125 
100 
140 
no 
103 

25 
100 
no 
125 
150 

86 
I  Bo 
170 


58.7 

58^68 
54.81 
62.3 

13 

50 
63.334 


I 


2430 
3160 

3213 
1 701 

3368 

1350 

303$ 
3565 
3970 
4536 
2593 

4536 
3700 
5049 
2889 
2700 
3340 
3510 
4536 
I43X 

4455 
4455 
4158 
3726 

3375 
3BS8 
3970 

3375 
2700 

3780 
3970 

3781 

675 
3700 
3970 

3375 
4050 
3333 

4873 
4590 


1585 


324 
1350 
1693 


76 


3.89 
2.73 


0.94 

878 
o 

1.0 


Lit.         £J0, 
s8o 


Rtiist- 
lacc  fier 

tq.tB.l0 

tngtmc 


SO 


556 


lOOQO 


4200 


8355 

5500 


345 


5000 

t3O0O 
30O 
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Formulas  for  Shafts. — (Francis.) 
Wrought-iron  prime  moverSy  with  gears : 


d  =  y^^,  and  P  =  .Olira*. 
Wronght-iron  transmitting  shaft : 

d  =  \/^^,  andP=  .02ir^. 
Steel  prime  mover,  with  gears : 

=  ^^^y  and  P  =  .016ira>. 


d 


Steel  transnutting  shaft : 
d 


_    8/31.25P 


and  P  =  .032iW. 


In  which  d  =  diameter  of  shaft  in  inches. 

iV  =  number  of  revolutions  per  minute. 
P  =  horse  powers. 

Trigonometrical  Expressions. 


COTANOCKT 


Radios  =  AC. 

Sine  =  Cd. 

Cosine  =  Ce. 

Tangent  =  B£ 

Cotangent  =  hg. 

Secant  =  At 

Coeec&ni  =Ag. 

Vereine  =  Bd. 

Coversine  =  he. 
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TRIGONOMETRICAi.   EQUIVALENTS,  ;VH£N  RADIUS  =  U 


Sine 

= 

1  -4-  Cosec. 

(( 

^" 

Cosin.  —  Cotan. 

u 

♦^(1  -  Cosin'.) 

Cosine 

^ 

1  ^Sec. 

ti 

= 

Sin.  ~  Tan. 

it 

: 

Sin.  X  Cotan. 

tt 

VI  -  Sm\ 

Tangent 

= 

1  ^  Cotan. 

(( 

= 

Sin.  -r-  Cosin. 

Cotangent 

z= 

1  --  Tan. 

C( 

= 

CoRin.  -7-  Sin. 

Secant 

= 

1  -7-  Cosin, 

cc 

= 

Vl  -(-  Tan', 

Cosecant 

= 

1  ^  Sin. 

u 

V^l  +  Cotan'. 

Versine 

^ 

Rad.  —  Cosin. 

Coversine 

= 

Racl.  -  Sin. 

Cotiiplement  = 

90^^  -  Angle. 

Supplement  =  180"  —  Angle. 

If  radiua  of  an  arc  of  any  angle  is  multiplied  or  divided 
by  any  givt*n  number,  then  its  several  cori-espondent  trigo- 
nomeb-ical  functions  are  increased  or  diminished  in  like 
ratio. 


Diameter 
Circumference 


=  Rad. 
=  Rad. 
5=  Diam. 
=  Diam'. 


Area  of  circle 

Surface  of  a  sphere  =  Diam*. 

Volume  of  a  sphere  ^  Diam^ 

Length  of  one  second  of  arc  =  Rad. 
"    minute  «    "    =  Rad. 
«       »    "    d^ree  "   "    =  Rad. 


2. 

6.2832. 
3.1416. 

.7854. 
8.1416. 

.6236. 
X  .0000048. 
X  .0002909. 
X  .0174533. 
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Values*  of  Sines,  Tangents,  Etc^  when  Radius  =  i. 


t>«ff. 


I 


•o"745 
■03480 

.06970 
.06716 
.104S3 
.I*l87 

.17365 
.tgoSt 
.W791 
■»49S 
.*4J9» 
.35882 

■'7564 

.30901 

.33557 


COTW. 


Coaec 


1^ 

■      ST 


43 


-5«4** 

-r.S9>9 

.37358 
-58778 

.60181 

.61566 
.60931 


.98*54 
^510 

•93«4 

.91184 

■89547 
.87813 


^356 
•8*>35 

.79306 

.T75<M 
■75807 
.74118 
.70416 
.70763 
.69098 
.^443 


.37461 

•39^73 
.40674 

.4»09 

•43837 

•4SJ99 
.46947 
.48481 


.6953 
.609a 
•S93»6 
•S7738 
.56163 
54600 
.5305* 
.515(9 

■50000 
.48496 
.47008 
•45536 
^4080 
.4*641 

.4mt 

.308.8 

•3A433 
.37067 


Cosine.   Venine.      Secmnt. 


Taa^'t       Cotan. 


.01745 
.0349* 
.05*4 1 
.06993 
.08749 
.10510 
.13378 
-U054 
.15838 

.17633 
•»9438 

.31255 

.33087 

•M933 

3^5 

.38674 
■30573 

■3»493 

■34433 

.36397 
.38386 
.40+03 
■43447 
.441»3 
.46631 
.48773 
■5095a 
■53»7i 
•5543> 

:SJI 

■63487 
.64941 
.67451 
.70000 
■73654 

.78138 
io978 

.90040 
■93a5i 
96569 


1.B040 

1.7330 
1.6643 
■.6003 

1^836 
MsBt 
"■37«4 
'•3»70 
1^799 

"■»S«9 


.64379  •357»« 

.65606  .34394 

.66913  .33og 

,^        .683O0  I  .31800 

K  44  I  -69465     -30534   I    1-4395 

■   4S     I   .707»  I      .agsSg     |      1.4143 

^       *  When  the  angle  exceeds  45^,  read  upward  ;  the  number  of  direct  wtll  then  be  found  iti 
the  right-hand  column,  and  the  nojnes  of  columos  ul  the  bottom. 


Cotan.       T^n^'t. 


Secant 

Vefsine. 

Cosine. 

1.00000 

0 

1 .00000 

t. 00015 

.OOOI 

.99984 

1 00060 
i.TOt37 

.0006 
.0013 

•99756 
.99619 

1.00044 
100381 

.0038 

100550 

.0054 

•99453 

1.00750 
1.00983 
t. 01346 

■0074 
0097 

.o«3 

-99«55 

1.01543 

1.01671 

-0151 

■0183 
.oaiS 

-9M8> 

.9B.63 

1.08334 

.97815 

1.03630 
1.03061 

«5« 
0097 

-97437 
.97030 

1.03537 
1.04039 

■^ 

■$?J. 

1.0*360 
1.05146 
1.05769 

•^ 

.95630 

.95106 

*'544 

-9»55» 

«.o64i7 
1-07114 

.0603 

-0936 
.101 3 

-93960 
-93358 
.92718 
.93050 

1.1X3  33 

.1089 

.89101 

f.13357 

.1170 

.SSaos 

>-»433S 

.1353 

.8746a 

r 16663 

.1428 

.B6603 
-85717 
.84805 

1.179*7 

.1519 
.1613 

1.19336 

.83867 

t. 30631 

1.3*077 

::s 

.83904 
.81915 

1.33606 

.1909 

1.35313 
1.36901 

.3013 

.3110 

:^ 

1.38675 

.assS 

•77715 

> -30540 

•>339 

.76604 

1.33501 

».34563 
«3*73« 

^ 

-75471 
•74314 

•73' 35 

l.jgotQ 

.«8o8 

■71934 

1.41431 

..9>8 

.70711 

COMK. 

Cover. 

»tnit. 

Deg. 
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In  Right-Angled  Triangles. 


Baae  =  VRjp\  -  Perp^ 


=  V(Hyp.  +  Perp.)  x  (Hyp.  -  Perp.) 
Perpendicular  =  V'Hyp.*  —  Base^ 

"  =  i^(H^:  +  i3ase)  x  (Hyp.  -  Base.) 

Hypothenuse  =  i^Base^  +  Perp'*. 


What  constUutes  a  car  load  {^OfiOO  Ws.  weight) : 

70  bbls.  lime  ;  70  bbls.  cement ;  90  bbla.  flour ;  6  cords 
ofhardwood;  7  cords  of  soft  wood ;  18  to  20  head  of  cattle ; 
9000  feet  board  measure  of  plank  or  joists;  17,000  feet 
siding;  13,000  feet  of  flooring;  40,000  shingles ;  340  bushels 
of  wheat ;  360  bushels  of  com ;  680  bushels  of  oate ;  360 
bushels  of  Irish  potatoes ;  121  cu.  ft.  of  granite ;  133  cu.  ft 
sandstone ;  6000  bricks ;  6  i)ereh  rubble  stone ;  10  tons  of 
coal ;  10  tons  of  cast-iron  pipes  or  special  castings. 

L/uhrlcator^foT  slushing  heavy  gears: 

10  gallons,  or  3J  pails  of  tallow ;  1  gallon,  or  |  pail  of 
Neat's  foot-oil ;  1  quart  of  black-lead.  Melt  the  tallow, 
and  as  it  cools,  stir  in  the  other  ingredients. 

For  cleaning  brass : 

Use  a  mixture  of  one  ounce  of  muriatic  acid  and  one- 
half  pint  of  water.  Clean  with  a  brush  ;  dry  with  a  piece 
of  linen  ;  and  polish  with  fine  wash  leather  and  prepared 
hartshorn. 

Irmi  cement^  for  repairing  cracks  in  castings : 

Mix  }  lb.  of  flour  of  sulphur  and  \  lb.  of  i)Owdered  sal 
ammoniac  w^ith  25  lbs.  of  clean  dry  and  fine  iron-borings, 
then  moistt?n  to  a  paste  with  water  and  mix  thoroughly. 
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Calk  the  cement  into  the  joint  from  both  sides  until  the 
crack  is  t^utirely  tilled.  In  heavy  castings  to  be  subjected 
to  a  great  pressure  of  water,  a  groove  may  be  cut  along  a 
transverse  crack,  on  the  side  next  the  pressure,  about  one- 
quarter  inch  deep,  with  a  chisel  aV"^*^*!  ^d^j  to  facilitate 
the  calking  in  of  the  cement. 

AlU)ys. — ^The  chemical  equivalents  of  copper,  tin,  zinc, 
and  lead  bear  to  each  other  the  following  proportions,  ac- 
cording to  RankiTie  : 


Copper. 


59- 


zinc. 

32'S 


Lead. 


When  these  metals  are  united  in  alloys  their  atomic  pro- 
portions should  be  maintained  in  mtdtiples  of  their  respec- 
fve  proportional  numbers;  otherwise  tlu»  mixture  will  lack 
niformity  and  appear  mottled  in  the  fracture,  and  its 
irregular  masses  will  differ  in  expansibility  aud  elasticity, 
d  tend  to  disiutegratiou  under  the  influence  of  heat  and 
otion. 


MATniAtS. 


Vn*  liard  bronze , - . .  - 

Hart]  bronze,  for  machinery  bearings 

Bronzcor  gun  metal,  coniracts  ^\^  in  cooling 

Bronze,  somewh^ii  softer  

Soft  bronze,  for  tooihcd  wheels 

Malleable  brass « 

Ordinary  brass,  coniracis  „<q  in  cooling 

Yellow  metal,  for  sheathing  ships 

"^    :l(cr  ioliler,  for  brazing  copper  and  iron.. 


CoMrosmoK. 


By  Equirftlenta. 


Copper. 
13 

M 

i6 
x8 

20 

Copper. 

4 

3 

3 

4 


Tin. 
I 

I 
1 
t 

I 

Zinc. 
I 
I 

3 

3 


By  Weiffltt 


Copper. 
6.401 
6.966 

8.54a 

9.610 

10.678 

Copper. 

3-877 
1.938 
"454 
1 .392 


TJn. 
I 
1 
I 
I 
I 

Zfaic. 
I 
I 
I 

I 


Babbitt's  metal  consists  of  50  parts  of  tin,  i  of  copper,  and  5  of  antimony. 
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Aluminum  bronze,  containing  96  to  90  parte  of  copper 
and  5  to  10  parte  of  aluminum,  is  an  alloy  much  stronger 
than  common  bronze,  and  has  a  tenacity  of  about  ^.6 
tons  per  square  inch,  while  the  tenacity  of  common  bronze, 
or  gun-motal,  is  but  about  16  tons. 

Manganese  bronze  is  made  by  incorporating  a  small 
proportion  of  manganese  with  common  bronze.  This  alloy 
can  be  cast,  and  also  can  be  forged  at  a  red-heat. 

A  specimen  cast  at  the  Royal  Gun  Factory,  Woolwich, 
in  1876,  showed  an  ultimate  strength  of  24.3  tons  per  square 
inch,  an  elastic  limit  of  14  tons,  and  an  elongation  of  8.75 
per  cent.  The  same  quality  forged  had  an  ultimate  resist- 
ance of  29  tons  per  square  inch,  an  elastic  limit  of  12  tons, 
and  an  elongation  of  31.8  per  cent.  A  still  harder  foiged 
specimen  had  an  ultimate  strength  of  30.3  tons  i.>er  square 
inch,  elastic  limit  of  12  tons,  and  elongation  of  20.75  per 
cent. 

The  tough  alloy,  introduced  by  Mr.  M.  P.  Parsons,  will 
prove  a  desirable  substitut^^  for  the  cotimion  bronze  in  hy- 
draulic appamtus,  when^  ite  superior  strength  and  greater 
reliability  will  be  especially  valuable. 


i 


Approximate    Bottom    Velocities    of    flow    m    Channels   at 

WHICH     THE     following     MATERIALS     BEGI>f     TO     MoVE. 

2.5    feet  per  second,  microscopic  sand  and  clay. 


•SO 

It 

t( 

tt 

fine  sand. 

1.00 

tt 

It 

tt 

coarse  sand. 

I-7S 

tt 

f{ 

H 

pea  gravel. 

3 

tt 

K 

l( 

smooth  nut  gravel. 

4 

It 

11 

tt 

ij-inch  pebbles. 

5 

(( 

it 

u 

2-inch  square  brick-bats^ 

Tensile  Strength  or  Cements  and  Cement  Mortars,  when 
7  Days  old,  6  of  which  the  Cements  were  in  Water. 

^Compiled  from  Gillmore.*] 


1 

Br  vemtt-.,rr 

(       By  Volumb, 

BV  VOLUMB, 

LOOSBUT  MaAilll*D 

WELL  SHAKKX. 

■ 

if 

1 

m 

1      How  MiXBO. 

i 
1 

If 

S" 

B£3 

L. 

t 
s 

u 

i£ 

1 

(J 

i 

f 

1 

^^^H 

o 

' 

q" 

u 

CI 

1 

"*'''"*^ 

F 

Is 

•3 

1 

1 

1^ 

1  cu 

IJ 

1 

1 

1 

1 

LSm. 

LSt, 

IJk«  Wtnn  iiffKloinfir«. 



-as 

f 



.at 

a 



V 

^ 
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__ 

.35 

t* 

, 

u 



__ 
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— 

5 
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n 

X 
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•I 

3^ 
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tt 

^» 
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^_ 
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I 



•?? 
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— 

«'33 

t 

_ 

X.I3 

» 

— 

y 

_ 

**    common  mortal. . 
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t* 

^_ 

"8 
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' 

— 

t 

- 

n? 

1 

— 

V 
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t 

^ 
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■ 
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^ 

t* 
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V 

35 

39 
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» 
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8 

— 

% 

_ 

ii.« 

— 

. 

_ 
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H 

__ 

^„ 
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,, 
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a 

— 
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_ 

■■4 

^ 
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a 
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5» 
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1 

1 

— 

— 
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-. 
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— 

— 

■ 

— 

t 
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40 
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^ 

1 

— 

t 
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— 

1 

a 

33 
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■^ 
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I 
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I 
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— 
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— 
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1 

— 

— 

— 

— 

— 

— 

— 

— 
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1 

^ 

z 
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z 
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Standard  Dimensions  op  Bolts,  with  Hexagonal  Heads 

AND  Nuts. 


DilMncter 

otbult 

No.  of 

peE  in.  of 

1 

Breadth  Thi^n'ss 
of  head,     of  bead 

Breadth 
of  nut 

Thickness 
of  nut 

Weight 
of  round  rod 

per  foot 
In  pounds. 

Weigfatof 
bead  and  cat 

*^.  iiK-hci. 

iaiacfacs. 

in  inches. 

In  inches. 

in  inches. 

inponods. 

I 

20 

1 

i 

1 

^ 

■1653 

.017 

A 

iS 

J 

A 

4 

i 

•2583 

•033 

i 

i6 

1 

i 

1 

■ft 

.3720 

.057 

iV 

14 

il 

1^ 

H 

i 

.5063 

.087 

i 

13 

i 

4 

i 

1^ 

.6613 

.128 

i\ 

13 

i 

■ft 

i 

i 

.8370 

.190 

i 

II 

1 

i 

I 

« 

I -033 

.267 

J 

lO 

li 

i 

li 

il 

1.488 

.43 . 

I 

9 

'i 

i 

>l 

+1 

2.025 

n 

I 

8 

'1 

I 

'i 

.1^ 

2.645 

1. 10 

li 

7 

ij 

I* 

i4 

jA 

3.348 

1. 60 

a 

7 

ij 

li 

il 

lA 

4- 133 

2.14 

>i! 

6 

4 

•  J 

2j 

.ftr 

5001 

2-95 

i) 

6 

H 

«i 

2j 

■A 

5952 

3.78 

•H 

5i 

^l 

'f 

4 

ifi 

6.985 

4.70 

>J 

5 

4 

ij 

2i 

lil 

8.101 

5.60 

i2 

S 

^5 

•i 

2j 

iH 

9.300 

7.00 

2 

45 

3 

2 

3 

2-ft 

10.58 

8.75 

'i 

4i 

3l 

2i 

3i 

2-ft 

13-39 

12.40 

4 

4 

3i 

^i 

3J 

2A 

16.53 

17.00 

2i 

4 

4i 

^i 

4i 

^H 

20.01 

22.30 

3 

3i 

4i 

3 

4j 

3-ft 

23.81     - 

28.80 
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Weights  or  Lead  and  Tin  Lined  Service-Pipes. 


1          JmcJUt, 

AAA. 

Weight 
peril. 

AA 

A. 

Weij-ht 
per  ft. 

B. 

Weight 
per  ft. 

Weight 
peril. 

D. 

wciihi 

perft 

D.  Light. 
Weiglit 
per  R. 

E. 

Weight 
pcrtL 

E.  Light. 
Weight 
per  ft. 

Lit, 

U*. 

Ut, 

LAw. 

Lit. 

LS» 

Lit. 

Lit. 

Lit. 

■    1 

1.5 

1.3 

1. 12 

I 

l.o6 

0.62 

— 

0.5 

— 

■    i 

3 

3 

1.75 

1.35 

1 

0.81 

— 

0.7 

0.56 

F    1 

3*5 

a.75 

as 

3 

»-75 

1$ 

x.as 

I 

0.75 

^    * 

4-5 

35 

3 

a. 25 

2 

1.75 

1-5 

1.25 

I 

■  ' 

6 

4*75 

4 

3.25 

a. 5 

2 

— 

•1.5 

— 

1   " 

6  75 

5-75 

4-75 

375 

3 

2.5 

— 

2 

— 

1   '' 

9 

8 

4.35 

3-5 

— 

3-25 

— 

m- 

I0.75 

9 

7 

6 

5. as 

4 

— 

— 

— 

A  manufacturer's  circular  states  that  the  following  quanti- 
ties of  water  will  be  deliveivd  thrtiugh  fiCKJ  feet  of  their  pipes, 
>f  the  resi)ective  sizes  named,  when  the  fall  is  ten  feet : 


Calibre 

j^kCallons  per  minute. . . 
Gallons  per  24  houra. . 


I  inch. 

\  inch. 

t  inch. 

1  inch. 

I  Inch. 

.348 

.798 

X.416 

2.222 

4.600 

576 

1150 

2040 

3200 

6624 

1 1  inch. 
6.944 
10000 


A  finch  clean  service-pipe  connected  to  a  J-inch  tap 
under  a  hundred  feet  head,  will  deliver  at  the  sink,  tlirough 
a  common  compression  bib,  ortlinarily  about  thn?e  pails  of 
water,  or  say  8.25  gallons,  or  1.1  cu.  ft.  of  water  per  minute. 

Lead  is  more  g<Mienil!y  used  for  s<'rvioo-pijxvs  ilian  any 
other  material,  but  wrought-ii*on  pipe,  lined  and  roat4*d 
with  cement,  or  with  a  vulcanized  rubber  composition  or 
sundry  coal-tar  compositions  and  enamels,  have  been  used 
to  a  nearly  equal  extent  within  a  few  years  past.  Block- 
tin  pipe,  tin-lmed  pipe,  and  galvanized  iron  pipe,  have  been 
used  also  to  a  limited  extent. 


^iiSti^^^lmm^m 
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Lead  pipes  of  weights  as  in  class  A  are  used  ordinarily 
when  the  head  of  water  on  them  does  not  exceed  76  feet; 
oltts^  AA  when  the  head  is  from  75  to  150  feet ;  and  class 
AAA  whentlie  head,  or  strain  fixjm  water-ram,  is  great. 

The  strain  from  water-ram,  in  service-pipes,  is  very 
much  dependent  on  the  character  of  the  plumbing  with 
which  the  services  connect. 

Meters  and  Meter  Rates.  1875. 


No.  of 

Rate  per 

CllA. 

Meters 
used. 

100  cu.  ft. 
Cents. 

KindofMetera. 

Fumithrd  by* 

tVv!«(\ni,  Mass 

974 

33i 

w. 

Water-works. 

HUtiuunc,  NUJ 

320 

20 

w. 

Water-works. 

Hiulxin>^^*t>  ^^**"»  *  •■ 

I 

261to40 

w. 

Water-works. 

i'tuiUittowu.  Mass. . 

180 

23i 

W.-B.  &  F. 

Water-works. 

ruu.iK^s  Ul 

l'U\viiiiuH> 

1050 

I3i 

w. 

Water-worki 

18 

I3I  to  21^ 

W.-B.  &  F. 

Water-works. 

i'xUvtiubuu.  i> 

138 

'26^ 

a  &  F.-E.-Nav. 

Consumer. 

k-'iuhhuiKi  Mass 

25 

Hi  to37i 

B.  &F. 

Consumer. 

Fall  Ri\ci.     "    

4 

22^ 

B.&F. 

Consumer. 

tLiiUoul,  l\mu 

6 

15  to  224 

B.  &  F.— D. 

Water-works. 

\vi^i>\  lii.v.N.J 

208 

26^ 

W. 

Water-works. 

iuuibxiUc,  Kv 

119 

20 

W. 

Water-worki 

S\\.  tiiUii.  I'vuin 

0 

at\  to  40 

B.  &F. 

Water-works. 

M.uuiii-.'sui,  \  n — 

l6t) 

1 5  to  30 

B.  &  F.— N. 

Water-works. 

\t*\  \oik.  N.y 

200 

12 

W. 

Consumer. 

\<.  t\  L.MiuU'ii,  i\>un.. 

20 

261 

N. 

Water-works. 

\t..,  H.i\iii,         "    .. 

3 

22i 

N. 

Consumer. 

!^.  u    IK  lilt. lit.  M.mv  . 

3 

B.  &  F. 

Water-works. 

I'tM.ui.  i.i.,  K    1 

135!^ 

V2V 

B.  &  F.— W. 

Consumer. 

l-M.ll.Uul      Mi 

22J  to  37\i 

B.  &  F.-W. 

Consumer. 

<{.t  lt(i;lti  til     M.in>t 

8 

22} 

W,  &  B.  &  F. 

Water-works. 

■1    r.'.ul.  Mum 

40 

40  to  64^ 

B.  &  F.— N. 

Water- works. 

■t.tit  1  i-tii>  111  0.  i'.il. . 

800 

64i  to  133 

W. 

Waterworks. 

\\  .«!•  iLiil  V.  (  ••Itu.  -  ■  • 

8 

26^  to  40 

W.-B.  &  F. 

Waterworks. 

\\<H>  >  bU  I.  .\t.iA:i 

800 

11}  toi8f 

B.  &F. 

Water- works- 

riir  initials  ivfer  to  kinds  of  meters,  as  follows: 


^\        \Stiilliiu>;luu. 

II  .V  I       tun  \  Fitts. 

N       f^.iihtiial  Meter  Co.  (Gem.) 


E. — Eagle. 
Nav. — Navarro. 
D. — Desper. 


-  \  I  uuiiittiit  |irui'tuv  la,  for  the  water-works  to  furnish  the  meter  and  iati»' 
l..it(  un  I  I  -iiiiitil  it,  ttuil  io  oharjre  the  consumer  from  ten  to  fifteen  per  cent,  on 
II..  '.I  i„ ui.it  itiDi,  uuuuuUjt'ito  cover  the  expense,  in  addition  to  the  regular  meter 
iiti<  lift  ttuU-.r  uiimumuU. 
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General  Water-works  Statistics,  i88o. 


ClTIBS. 


Albany,  N.  Y 

Brooklyn,  N.  Y 

Boston,  Mass. 

Baltimore,  Md 

Buffalo,  N.  Y 

Cincinnati,  Ohio . . . . 
Cleveland,  Ohio. . . . 

Chicago.  Ill 

Columbus,  Ohio. . . . 

Detroit,  Mich 

Hartford,  Conn 

jersey  City,  N.  J.... 

Louisville,  Ky 

Lawrence,  Mass. .... 

Lowell,         "    

Lynn,  "    

Milwaukee,  Wis .... 
Minneapolis,  Minn. 
Manchester,  N.  H. . . 
Montreal,  Canada. . . 
New  York.  N.  Y.... 

Newark,  N.J 

New  Haven,  Conn. . 
Philadelphia,  Penn.. 
Poughkeepsie,  N.  Y. 
Providence,  R.  L , . . 

Quebec,  P.  Q 

Richmond,  Va 

Rochester,  N.  Y 

Sl  Louis,  Mo 

Syracuse,  N.  Y 

Troy,  N.  Y 

Toledo,  Ohio 

Toronto,  Canada. . . . 
Washington,  D.  C. .. 

Worcester,  Mass 

Wilmington,  Del. . . . 
Yonkers,  NY 


II 


90,903 

566,577 

362.535 

332,190 

I54»765 

255.708 

155*946 

503.304 

51.644 

1 16,027 

42,569 

120,728 

126,566 

39.06S 

59.340 

38,376 

1x5.578 

48.323 

32.458 

145,000 

:  ,206,577 

136,400 

62,861 

R74.542 
20,207 

104.760 
50,000 
63,243 
87.057 

333.577 
52,210  , 

56,747 
53.635 
86.445 
147.307 
58,040 

42.499 

18.892 


£.8 


<0 


6,363.210 
30,674,761 
35,900,000 
23,000,000 
16.369.802 

19.476,739 
10,180,000 

57.384.376 
2.159.327 

15,170,000 
4,000,000 

14,916,825 
6,567,141 
1.86 1. 363 
2,252.197 
1,238,290 

10,604,000 
3,010,591 
1,180,930 
9.691,901 

95,000,000 
9,390,000 
5.100,000 

57.707,082 
1,403.292 
3,547.264 

2,5OO/)00 

5.7i8/>53 
5,607,000 

25,124,000 
4,000,000 
5,000,000 
3.270,873 
4,787,000 

26,000,000 

3/xx>,ooo 

3.564.856 

860,000 


i 

'& 

•5  g 

0 

s  c 

a 

0  £; 

M 

<& 

77 

I145.404 

977.703 

352 

i/)44.78o 

500 

606,879 

277 

216,214 

102 

499.857 

189 

203,379 

125 

961,051 

461 

44.572 

44 

380,684 

209 

121,281 

72 

249,641 

153 

187,708 

110 

62,670 

42 

118,800 

63 

79.899 

57 

129.505 

86 

20,819 

19 

57.264 

33 

364475 

133 

1.560.599 

S03 

312,649 

136 

131.580 

98 

M15.477 

746 

19.379 

x6 

247.705 

155 

91,000 

74.QO9 

53 

72,659 

113 

660,280 

212 

68poo 

42 

61,080 

40 

26.124 

47 

169,245 

"3 

69459 

175 

84.326 

tto 

67,638 

52 

22,162 

23 

12 

1,085 

1,219 

524 

545 
402 

2,113 

534 

29 

99 

41 

228 

272 

708 

121 


280 

305 

4,002 

13 

122 
4401 

2 


573 

50 

3.791 
402 


ei9 


appe2st>i; 


COXPAAATTTE     «VATn-«OSX5    STAIISTICSy    iSSol 


c™. 

II 

5 

k 

HI 

liJI 

n 

s 

h 
sli 

111 

m 

< 

< 

-< 

z 

.X 

M 

G-*-  7  t 

Altanr.  X.  Y 

70^ 

#1-59 

fa.550 

■347 

-13 

l"i 

Brooklm.  X.  Y 

5+14 

1.72 

3^.^73 

.6ai 

1-9" 

633 

&.«oc;Mii4 

.          </QJXS 

2J5 

39-KO 

>-37 

3-36 

... 

Eu;::3ior-,  >H 

tq.24 

L53 

a6.356 

^33 

:   ^-57 

... 

Basalo   N    Y 

-,    1^-77 

J.39 

i3.joe 

659 

... 

C.nci&sar:.  Ohio 

-       :6.x6 

1-95 

25.664 

-739 

2.13 

scS 

Cl-ryeiaa'i.  Ohio. 

.'    6535 

1.39 

iii.55o 

.200 

2.57 

i^ 

Chicago.  tU, 

114.01 

L.91 

16-747 

.9x5 

419 

M2 

41^1 

0J6 

9>.641 

-S52 

1.03 

SjOO 

Detroit,  Micfa 

■    130.74 

>25 

25-09* 

x3o 

..- 

Hirtfofd.  Coas 

93-96 

2-54 

30.520 

I.G9 

2.32 

... 

crserCity,  N.  j 

-ouisvillc.  Kj 

-     1^3-55 

2.07 

16,  ^ca 

1.36 

339 

"■5J 

51.55 

143 

23.553 

.869 

1.8 

5-:* 

La vreoce.  Ma^s. 

47C3 

I.tO 

33/-C9 

1.07 

694 

47» 

Uweil.          -    

3795 

xoo 

52.7=2  1 

1.06 

11-9 

5-25 

Lvnn,              -     

32.36 

.       3J0d 

64-524 

1.47 

3-15 

5-36 

Milwaukee.  Wis. 

9*.74 

I.I3 

12,213 

-745 

... 

5f i3aea.po[L».  Minn 

62.30 

<M3 

6.91S 

3.93 

... 

Mar.-;fac5:cf.  N.  H 

36-35 

i:« 

45.49' 

I.OI 

S63 

... 

Mon'rtaJ,  Car.a>ii..  , 

6553 

2.51 

37-6^7 

.916 

2.09 

1130 

Ne^  Vor;i.,N.  V 

/  --J  _' 

1.29 

i6,4:!7 

.416 

3-31 

Ne-*ark.  N.  J 

tit} 

2.25 

33-506 

-997 

New  Have:;.  Coca 

il-n 

2-':9 

25.300 

1-56 

.206 

Philaielphia.  P-:nn 

65.9' 

1.6 1 

24.523 

.Sti 

5:' 

P'>uihkeep5:e.  N.  Y 

•^MT 

0.^5 

13.510 

-791 

6.03 

... 

Pr';viier:.:e.  R.  I 

33.5c 

230 

69.S30  ■ 

I.4S 

42. 

5.-5 

Quebec.  P.  Q 

=0.00 

1.32 

36,400  I 

... 

-<M 

... 

Richmond.  \a 

90-41 

i.iS 

13-100 

.S33 

... 

... 

Rochester.  N.  Y 

64-4'^ 

0.33 

12.957  j 

1.29 

..    '1 

•  ■■ 

St.  Louis,  Mo 

75-3t 

1.97 

26,251 

-635 

1-7  ; 

5-35 

Svracuse.  N.  Y 

76.61 

..30 

17,000 

.504 

... 

trov.  N.  Y   

Sc.ll 

107 

12.216 

.704 

. . . 

Tolefio.  Ohio 

eaoS 

045 

7-9^7 

.87S 

... 

S-7' 

Toronto   Caaaia 

55.30 

E.95 

35-342  i 

1-30 

.57 

Washington.  DC 

176.50 

o.;7 

2.671 

1. 12 

--• 

Worcester.  Mass 

51.63 

145 

25.107  ' 

1  37 

6-53 

jlss 

Wilmingt' 'a.  Del 

53.53 

1.59 

1 5,974 

1.22 

...  1 

YonLers.  N.  Y 

4552 

1. 17 

25-770 

K.21 

21.2    : 

6.39 

APFENUIX. 
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RESUSCITATION    FROM    DEATH    BY    DROWNING. 

Persous  may  he  restored  from  apparent  death  by  drown- 
ing, if  proper  means  are  employed,  soinetinies  when  they 
have  been  under  water,  and  are  appai-eutly  dead,  for  fifteen 
jor  even  thirty  minutes.    To  this  end — 

1.  Treat  the  patient  instantly,  on  the  spot,  in  the  open 
air,  freely  exposing  the  face,  neck,  and  chest  to  the  breeze, 
except  in  sevens  weather, 

2.  Send  with  all  speed  for  medical  aid,  and  for  articles 
of  clothing,  blankets,  etc. 

I.  To  Clear  the  Throat. 

3.  Place  the  patient  gently  on  the  face,  with  one  wrist 
^nder  tiie  foivhead. 

(All  fluids,  and  the  tongue  itself,  then  fall  forwards,  and 
leave  the  entrance  into  the  windpipe  free. 


II.  To  Excite  Respiration. 
4.  Turn  the  patient  slightly  on  his  side,  and 
(I.)  Apply  snuff,  or  other  irritant,  to  the  nostrils ;  and 
(II.)  Dash  cold  water  on  the  face,  previously  rubbed 
"briskly  until  it  is  warm. 

^If  there  be  no  success,  lose  no  time,  but 
I  in.  To  Imitate  Respiration. 

6.  Replace  the  patient  on  the  face. 
6.  Turn  tin*  bocly  gently  but  completely  on  the  side,  and 
a  uttle  beyond,  and  then  on  the  face  alternately,  repeating 
these  measures  deliberately,  efficiently,  and  perse- 
VERINGLY,  fifteen  timea  in  the  minute  only. 

(When  the  imtient  reposes  on  the  chest,  this  cavity  is 
39 


«12 

coDpr^aeed  br  flie  wiglKt  of  the  twdr.  md  cxfikaxiot 
takes  plftciPr :  vIkb  it  k  tnriKd  on  tbe^  ade.  diis  ]ve9svie  » 
r^flKrrfii.  and  issPIKatios  emus.  • 

7.  Wlken  the  prooe  poatioii  i?  resumed,  make  ^qoaUe 
bat  effirient  preasore  akng  the  spine.  mDOvii^  it  immedi- 
mifAj  ^Kfor*:  rrXatioQ  on  the  ade^ 

nine  first  iiKasare  aogmetUB  the  sxpiKATio^r,  and  tb& 
seeofod  CTimnsenoes  x^spikatios.  ^ 

I\'.  To   IXBCCE  ClBCTXATIOS  A3l>  WaKSTTH,   COAUALK 
THZSE  MeaSFCES. 

8.  Kab  the  limbs  upwards,  with  rtSM  pkesscke  and 
£3rEBGY.  Hang  handkerchiefs,  etc. 

9.  Replace  the  patient's  wet  covCTing  br  soch  other  cor- 
ering  as  can  be  instantly  procured,  each  bvstander  sapplr- 
ing  a  coat  or  a  waistcoat.    Meantime,  and  firom  time  to  time, 

V.  Agact,  to  Excite  faspiRATioy, 

10.  IM  the  sorfiace  of  the  body  be  slapped  briskly  with 
the  hand :  or 

11.  I/'t  cold  water  be  dashed  briskly  on  the  soriace, 
previously  rubbed  dry  and  warm. 

Avoid  all  rough  usage.  Xever  hold  up  the  body  by  the 
feet.  Do  not  roll  the  body  on  casks.  Do  not  rub  the  body 
with  salts  or  spirits.  Do  not  inject  smoke  or  infusion  of 
tobacco,  though  clysters  of  spirits  and  water  may  be  used. 

The  means  employed  should  be  persisted  in  for  several 
hours,  till  there  are  signs  of  death. 
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AoceleradoD  of  motion,  185. 
Adjnsuble  effluent  pipe,  3&1. 
AdVantft^es  of  witter  supplies,  •> 
Air,  resistance  of,  to  a  jet,  19a, 
»'    valves,  533. 
**    vessel,  564,  565. 
Ajutage,  an,  213. 

"       inward  projecting,  318. 

"  vacnum,  314. 
Algae,  fresh  water,  i^. 
AnalTses  of  lalce,  spring,  and  well  wiUers,  X17. 

^       **  mineral  waters,  143. 

**        **  potable  waters,  table,  117. 

**        *'  river  and  brook  waters,  118,  iso. 
Analysb  of  impure  ice,  236. 
Angular  force  grapliicaUy;  represented,  175. 
Aquatic  life,  purifpng  omce  of,  13a. 

**      organisms,  131. 
A  rago's  prediction  at  Greaelle,  106. 
Areas  otsluice  valves,  360. 
Artesian  wells,  105,  zoiS,  loS. 

"  **      temperature  of,  uble,  137. 

Artificial  darification  of  water,  159. 

^*       gathering  areas,  loo. 

"       pollution  of  water.  153. 

.     V.     **?^*r  *' ._'*        84,  93. 95.  98,  «. 
AaxAaltum  bath  for  pipes,  475,  487,  490. 
Auantic  coaA  rainfiul,  53, 
Atomk  theory,  163. 
Attraction,  capOlary,  396. 
Atmospheric  impurities  of  water,  las. 

"  pFMSure,  183. 

Avenge  consumption  of  water,  44. 


Barins,  clear*wa(er,  550. 

**      infiltration,  537. 

"      settUng,  550. 
Bends  and  branches,  373. 375, 478,  485. 

"     coefficients  tor,  table  of,  374. 
Blow-off  valves,  513. 
Boilers,  577,  57B,  580. 
Bolts  in  Baizes,  table  of.  463. 
Bolt-holes,  templet  lor,  460. 
Boyden's  book-gauge .  397. 
Branches  and  mrnds,  279,  478,  484. 
**        composite  pipe.  484. 
**        formula  for  flow  through,  375. 
Bucket-plunger  pump,  557,  567. 
Bursting  pressure,  333. 

C. 

Caloric,  infiuence  of,  163. 
Canal  banks,  170. 

'*     in  ^de  bill,  370. 

**     miner's,  375. 

'*     open,  370. 


Canal  revetments  and  pavlx^B,  37T. 
"     slopes,  371. 
"     stop-gates,  373. 
Canals  and  rivers,  observed  flows  In,  table  of^ 

307. 
Canals  and  nven,  coeffidents  for  flow  in,  308. 
Capacity  for  fitter-beds,  553. 
Capillary  attraction,  096. 
Cast-iron  pipes,  45i.    . 

"  ^^      weights  of.  465*  468,  469- 

Cast  socket  on  wrought  pipe,  483. 
Casting  of  pipes,  4^3. 
Cement  joints  of  pipes,  483. 
"      lined  pipes,  479. 
**      lining  of  pipc^  with,  481. 
**      mortar,  for  lining  and  covering  pipe*, 
487. 
Census  statistics,  31. 
Central  rain  ss^stem,  49, 
Chamber,  eflluent,  358. 
"         influent.  366. 
"         walls,  369.  • 

Chandler's,  Prof,  remarks  on  wells,  140. 
Channels,  coefficients  for,  308. 

"         depths  and   relative  volumes  and 

velocities,  338. 
**        flow  in.  experimental  data,  306. 
"         flow  in  open.  299. 
"  formulas  for  flow,  table,  31a 

**         inclination  in,  304. 
"         influences  controlling  flow  in,  316. 
"         ratios  of  surftce  to  mean  vetoc,  315. 
**         surface  velocities,  313. 
**         velocity  of  flow  in,  303,  304. 
"         velocities  of  given  nlnis,  311. 
**         water  supply,  protection  of^  431. 
Characteristics  of  pipe  metals,  470. 
Ctiarcoal  clarification  of  water,  535,  537. 

'*         filters,  536. 
Check-valve.  ^67,  535. 
I  Chemical  clarification,  533. 
Choice  of  water,  587. 
Cities,  families  in  various,  33. 

"     I>ersons  per  family  in  varkms,  38. 
"     population  of  various,  33. 
**     water  supplied  to,  35, 36,  37, 
Clarification  of  water,  artibcial,  159,  533. 
"  "      '*        charcoal.  535,  537. 

"  *'      "        chemical,  53a. 

^.       "       ^J.*      ^l    .   natural,  149, 5301  S3a- 
Cleaning  of  filter-beds,  553. 
Clear  water  basin,  $^0. 
Climate  effects,  rainfall,  47. 
Coal  required  for  pumping,  581. 
Coating  (asphaltum)  pipes.  475,  487,  49a. 
Cochituate  basin,  rain  upon.  7a. 
Coefllcients,  compound  tubes,  319,  aaok 

**  convereent  tubes,  317. 

"  c",  table  of.  271. 

**  experimental,  108. 

"  '•  table  of,  337. 
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Coefficients  for  channels,  Kutter's,  305. 
'*  "   circular  orifices,  903. 

^*  "   60W  in  conduits,  444. 

"  **   hydrometcrt^jas. 

•*  **   pipes,  table  of!|  242. 

•*  **   rectangulu-  orifices,  aos,  ao6. 

**  "   service-pipes,  s«8. 

**  "   weir  formulas,  387,  a88. 

"  **   wide-crested  weirs,  994. 

**  from  Castel,  *jo. 

**  »*     Eytelwein   and  D'Aubuis- 

son,  356. 
**■  ''     General  Ellis,  act. 

"  "     L'Abbe  Bossut,  199. 

*^  "     l^spinasse,  aoi. 

«■  "     Michelotti,  198. 

«  "     Prony.  ass- 

»*  "     Reniiie.  109. 

**  Increase  of,  in  short  tubes,  313. 

**  m,  a34,  247. 

**  mean,  for  smootb  and  foul  pipes, 

248,  249,  "67. 
"  of  efflux,  fiu:tors  of,  107,  aoB. 

**  "     "      Uble  of,  937. 

"  **  entrance  of  jet,  267. 

^  **  flow  for  channels,  yx,  308. 

"  "  frictlon,of  earth-work,  345. 

**  •'        "      Uble  of,  495. 

**  "  issue  from  short  tubes,  ai8. 

'*  **  mastmry  frictions,  396. 

•*  "  velocity   and  contraction   for 

orifice  jets,  208. 
**  pracllcdl  application  of,  197. 

"  ran^^e  of,  33a. 

"  resistance  in  bends,  374. 

**  Tariable  values  of,  a  10. 

Coffer-dams,  430. 

Combined  reservoir  and  direct  systems,  535. 
Commercial  use  ot  water,  34. 
Conipensation  flow,  86. 

"  to  riparian  owners,  94. 

Composite  branches,  pipe,  484. 
Composition  of  water,  the,  113. 
Compound  tubes,  318.  aso. 

"  "       coefficients  for,  230. 

Compressibility  and  elasticity  of  water,  167. 
Concrete  conduit,  a  438. 
"         foundations,  -(68. 
"        foundations  for  pipes,  487. 
"        pavinij,  355. 
'*        proportions  of,  368. 
*'        revetint-nts,  429. 
Conduit  arch,  thrust  of,  437. 
"^        data,  445. 

"        masonry  to  be  self-sustaining,  437. 
'*        of  concrete,  438. 
"        of  wood,  439,  441. 
•*        shells,  434. 
Conduits  and  pipes,  233. 
"        backing  of,  438. 
"        coefficients  for,  444. 
"        examples  of,  431, 438,  439. 
"       exposure  to  frost.  437. 
"        formulas  for  flow  in,  443,  443. 
*•        foundations  for,  433. 
"        locked  bricks  for,  435. 
'*        masonr>-.  431. 
**        mean  ndii  of,  441,  44a. 
'*        protection  from  frost,  436. 
*'        stojvpatcs  in,  436. 
"       transmission  ot  pressure  In,  436. 
"        under  pressure.  435,  439. 
"        ventilation  of,  434. 
Confervscj  129. 
Construction  of  embankments.  348. 

•'■  ot  tiiter-l>eds,  548. 

Consumption  of  water.  34,  43,  503. 
('ore  of  an  embankment,  348. 
Cornish  pump,  557,  563. 


Costs  of  pumptnfi:  water,  574, 575. 
Crib^work  foundatloiu,  385. 

"         weir,  384. 
Croton  basin,  ralnuU  upon,  7s. 
Curbs,  stop-valve,  515. 
Curved-fiwe  wall,  431. 
Cut-off  wall,  embaiikment,  348: 
Cycle,  low,  rainWls,  69,  77,  78. 
Cylindrical  penstock,  440. 


Dams,  thickness  of,  387. 

Darcy-Pitot  tube  gauge,  322. 

Data  from  existing  conduits,  445. 

Debris,  floating,  530. 

Decimal  parts  of  an  Inch  and  foot,  457. 

Decomposing;  orpanic  Impurities,  137. 

Densities  and  volumes  of  water,  rewive,  itif 

Desmids,  in  fresh  ponds,  139. 

Details  of  stop-valves,  513, 

Depths  of  pipes,  501,  50a. 

Diagonal  force.  175. 

Diagrams  of  pumping.  4a. 

♦*        ofraJnfiaij55,57, 59. 
Diameter  of  sub-mams,  507. 

'*       of  supply-main,  506. 
Dimen^ons  ot  existing  canals,  373. 
■*         "  filter-beds,  ssj. 
"         "  retaining  wula,  430^ 
Direct  pressure  system,  590. 
Discharges  of  pipes,  498*  soow 

over  waste-weirs,  378,  381. 
Domestic  drauf^ht  of  water,  34,  $0^. 
Draught,  variations  in,  41. 
Duplicate  pumping  machinery,  590. 
Duplication  in  pii)e  systems,  510. 
Duty  of  pumping-engines,  574,  sA  s8o,58> 
Dwellings  in  various  cities,  33. 
Dykes,  canal  and  river,  371. 


Earth  and  rock',  porority  of,  102. 
"      embankments.  333.  347.  348,  353,  370. 
'*      evaporation  from,  89,  oo. 
"       pressures  against  walls,  40S. 
Eastern  coast  rain  system,  50. 
Economy  of  high  duty  of  pumping-engioeSi 
579,  581- 
**  "    skillful  workmanship,  369. 

Eddies,  in  weir  channels.  392. 
Effect,  mechani(al,  of  the  efflux,  225. 
Effluent  chambers,  358. 

"  '*  ice-thrust  upon,  3";8. 

Efflux,  equation  of,  311. 

"      factors  of  tlie  coefficient.  197. 
"      from  pipes,  coefficients  of,  196,  227. 
"      mechanical  effect  of,  225. 
*'      peculiarities  of  jet,  307. 
*'      volume  Irom  short  tubes.  194,  210, 314. 
Elasticity  and  compressibility  of  water,  167. 
Electric  moulinet,  Henry's,  326. 
Elementary  dimensions  of  pipes,  504. 
Elements,  the  vapory,  45, 
Embankment,  a  light,  353. 

core  materials.  339, 343,  348,  354- 
cut-off  walls,  336,  338,  348. 
"  example  of.  347. 

**  failures,  534. 

"  fine  ««nd  m,  333. 

"  foundations,  335. 

"  frost  covering.  350. 

'*  gate  chambers.  357,  358. 

"  masonry-faced,  354. 

"  materials,  coefe.  of  frictk>n,  34^ 

"  "         fiictiooal    angle   oH 

345- 
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Kffibuikmeni   matcrteK  pn>|iOfftioiiS  ot^  340, 

<'  **  wetKDts  of*  34JU 

••  pmsuies  in,  ^j. 

**  puditle  wmll.  331. 

"  pudillcJ  slopes.  35^ 

♦•  &beet-[>iling  under.  339. 

**  site,  rnonojuasuicc  tor,  ^7. 

"  Rlope-|iaving,  350* 

"  slopes,  >44t  345.  350- 

••  Slutret,  355,  356,  358. 

•^  Hoiifi  beneath.  33;. 

"  springs  uDflcr  iQundAdoo,  337. 

••  ouL^nicture,  336. 

**  riitboD  w»si«-pipo,  35?. 

'•  tesr  borinjcs  bI  site,  336. 

"  tremdieroua  straU  under,  3)8. 

BmtMuiktncats.  canal.  370, 

•*  lutlbu,  334. 

"  reservorr,  333. 

Bnrrgy  of  jet,  976. 
EngUnd,  tiupply  per  capita,  37. 
Equation  of  tautiun,  tSo. 

"  •'  resistance  10  flow,  ajs- 

R()uilibnum  destroyed.  170.  300. 
Errors  in  applicalion  uf  formukt,  353,  ■J57. 

**       "   weir  tneasunruicnt^,  39*. 

Estimates  of  flow  of  streams,  78,  94. 

EurnpcAn  irililtnition,  <44- 

EvaporatioD,  eWcc.  it|Mjn  stonce,  93. 

"  exaniples  '>C  9"* 

**  from  earth.  Bo,  ito. 

"  "     reservoirs,  i>4- 

•'  '*      water,  88,  B9. 

"  phcnomcaa,  87. 

"  ratios  of,  table,  go. 

ETaporatire  power  of  boiler*.  576,  580. 
Eianinlea  of  conduits,  431,  438,  439. 
ExpeTimental  channel  linla,  uA 

•*  cocffiaenti forliydromefer*,  3*5. 

Kx|)erimcnts  with  wrlra.  394. 
Ejlclwein's  coef&cieols,  aax 

F. 

Faced  revetments,  4*9. 
Failures  of  embaakmeists,  334. 

"        "  w»Us  4^7. 
Fallinfc  bodtn,  ivk 
Fvinlltes  in  virions  dtlei,  jfm 
Fucioe  rrretmeiaa,  371. 
Fiher-beda,  ^47. 

K:cupaa,«l 
proCMflaBoC  }ASS9- 
tempenMf*  «£  M. 

,  Nftcna  far,  44. 

t^^'»y- 


Flooda.  MaMns  of.  (« 


PWw. 


from  * 


raun.1 
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of  rain,  It. 
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Fonnulu  for  Tolame,  iripea,  950, 3S4«  sM,  49B. 
M  ».    weir  volumes,  ato,  S83,  384,  a86. 

"  "   wide-crested  weirs,  393. 

**        many  incomplete,  953. 
**        misspplication  of^  316. 
•*         stabidtTofnuaonry.^M,  397,398. 
**         velocities  snd  times  oT&ll^  bodies, 
186. 
FmuidstioQ,  concrete,  386. 

^*  embaokment,  335. 

•'  for  pipe^  487. 

**  of  ^le  chambers,  367. 

**  of  conduits,  433. 

»*  walls,  395. 406,  407. 
**  under  water,  430w 

Foantain  use  of  vrater,  34. 
Fiands,  Jas.  B„  experiments  wUb  wdis,  984. 

"        tubes,  317. 
Fnuilcland's  defi  iltloB  of  polluted  water,  137. 
Friftion,  coefficient  of  masonry,  396^ 
"       in  pipes,  230,  234,  950,  508. 
**       of  ice  on  canals,  379. 
*'       "  pumping  macmnery,  $78. 
Frictional  head,  formula  for,  494. 

"  *\  ...'"  P'P"'  *93.  494.  Sa?. 

**        stability  of  masonr>*,  395. 
Frost  curtain,  367. 
**     disinteeriitcs  mortar,  476. 
"     protecUon  of  rondults  from,  436. 
Fuel,  expense  for  pumping,  581. 
"     required "  '*  575. 

Fnns^,  microscopic,  199. 

G. 

Galleries,  infiltration,  539,  540. 
Gate  chambers,  357,  367. 

**     hydrants,  593. 
Gates,  stop,  canals,  37J. 
Gauge,  Darcy-Pitot  tube,  399. 

"       Darcy's  double  tube,  399. 

**       double  float,  396. 

'^      furmulas,  319. 

"       hoolt,  Boyden's,  296.  997. 

*'      maximum  velocity  float,  338. 

*'      mid-depth  float,  326. 

*'       Pilot  tube,  320. 

"      rain.  63. 

"      rule,  for  wciis,  298. 

"       tube,  317, 

"      tube  and  scale,  weirs,  998. 

'*       WoUman's,  322. 
Gauges  and  weights  of  plate  iron,  487,  488. 
Gauging,  hydrometer,  316, 

*"        of  mountain  streams,  996. 

*'  rainfall.  62, 
"        "  rivers,  318.  319. 
Gears  for  sluice-gates,  359. 
General  rainfall,  46. 
Geological  scietire,  application,  106. 
Granular  stability  of  niasonr>',  402. 
Graphical  representation  of  force,  175. 
Gravitation  system,  588. 
Gravity,  185,  ^30,  299. 

"        centre  of,  177. 
Great  rain-storms,  61. 
Grouped  rainfall  statistics,  52. 
Grouting,  353.  369. 

H. 

Hardening  impurities,  125. 

Hardness  of  water,  125. 

Head,  desirablu  for  fire  service,  493. 

"     effective  in  pipe  system,  493, 

"      how  lo  economize,  276. 

"      loss  by  friction,  493. 

'*      subdivisions  of,  225. 

•'      value  of,  403. 
Heat,  units  of,  utilized,  578. 


He^hts  of  wavet,  388. 
Heisch's  sugar  test  of  wmter,  150. 
Helpful  influence  of  water  supplies,  ay. 
Hook  gauge,  Boyden's,  996L 
Hook  gauge*  use  to  detect  flnctnatJom,  31^ 
Horse-power,  to  produce  flow,  561. 
Hose  streams,  510, 590. 
»*     use  of  water^  34. 
Hudson  vmlley,  ramtall  in,  53. 
Hydrants,  mo.  5»7'  5i9»  5»- 

"*        bigh  pressures,  599. 

**        streams,53o^ 
Hydnnlic  mesa  depth.  935. 

**  **     rsoius,  936. 

"         power  pumping,  589,  591. 

"         prwrf  of  pipes,  477. 
Hydroanetus,  CasteUis*  and  others,  336. 
"  coefficients  for,  395. 

"  ganging  with,  316. 

I. 

Ice  coTerlsg  of  canals,  37a. 
*^  impure, In  drinking  water,  135, 
"  thrust,  358.  386. 
Impounders,  flow  to,  86. 
Impounding  of  water,  144. 
Iropr^nation  of  water,  141, 159. 
Impurities  of  water,  iia. 

"         •'       "      agricultural,  134. 

*'*         "       "■      atmoK)heric,  199. 

"        •*       "       manulactuiing,  134. 

**         **        "       mineral,  115, 133. 

a         "        *♦       oiganic  116, 197.  130. 

"         '•       "       sewage,  134. 

*•         **       "      sub-suruce,  193. 

"         **  deep  wells,  195. 
Inch  and  foot,  decimal  parts  of,  457. 
Incidental  advantages  of  water  supplies,  99. 
Inclination  in  channels,  935,  304,  37s, 
Increase  in  use  of  water,  39. 
Indian  embankments,  334. 
Indicator,  stop-valve,  ^i. 
Infiltration,  537.  S40-  543.  544- 
Influent  chamber,  366. 
Infusoria.  130. 
Inhabitant,  supply  per,  40. 
Interceptint;  well,  546. 
Interciiangeable  pipe-joints,  469. 
Introduction  ol  fitters,  551. 
insurance  schedule,  29. 

Investment,  value  of  water  supplies  as  an,  29. 
Iron,  gauges  and  weights,  488. 
"    sluice  valves.  360, 
'*  -work,  varnishes  for.  474,  476, 4S9. 
Irrigation  canals,  370,  373. 
IsoMted  weirs.  383. 

J. 
Jets,  211,  967. 

Joint  mortar  for  pipes,  487. 
Joints  of  cast  pipes,  457,  461,  463,  469. 

K. 

Kutter's  coefficients  for  channels,  305. 


Lake  waters,  143. 

Lakes.  150. 

Laying  of  wrought-pipes,  483. 

Lead,  loint  468. 

Lengths  of  waste-weirs.  381. 

Level,  use  of,  in  gauging.  319. 

Leverage  of  water  pressure.  397. 

"  resistance  nf  walls,  402. 

"         stability  of  masonry,  397, 
Life  of  dams,  388. 
Lininc  of  pipes,  cement,  481. 
Logarithms  of  ratios,  i3i. 
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tnpontlon,  87. 
1  reservoirs,  84. 
ead  by  firiction,  »j6^  493. 

M. 


d  distribution  pipes,  ^6 
iw  la, 
conduits,  431,  437, 


wer  to  produce  dew  m,  561. 


coverings  of  waste^ipes,  357. 

examples  of  pressure  in,  403. 

fiiced  embankment,  354- 

frictional  stability  of;  397. 

gnuauUr  stability  of,  403. 

Umiting  pressures  io.  404. 

weight  leverage  of,  398. 

I,  embankment,  339.  341. 

n  velocities  of  flow,  508. 

ipe,  470,  47J. 

enacities  of  wrought.  451,  486,  491. 

pical  examination  of  metals,  471. 

mpuritics,  115,  530. 

qjrings,  14a,  143. 

anals,  375. 

aibon  of  formulae,  316. 

pi  vaJley,  rainfiUI  in,  54. 

r  theories,  163, 396. 


JJ..3. 


of  ewrtb  leverage,  41a. 

>3o. 

and  hourly  variations  in  the  draught, 

fluctuatlons  m  rainfall.  ^. 

>r  lining  and  covering  pipes,  487. 

icceleration  of,  165. 

^nations  of,  186. 

11  a  piston,  56a. 

>f  water,  184,  194. 

laraboHc  of  a  Jet,  187. 

;  of  pipes,  451. 

s,  3a3,  396. 

i  control  of  water  supplies,  aS. 

N. 

:larlfication,  149,  539. 
aws,  uniform  effects  of,  61. 
r  of  water  supplies,  as. 
29- 

O. 

■J  valley,  rainfall  in,  54. 
lals,  370. 

flow  of  streams,  80. 
mpurities,  80, 113,  116,  531,  532. 
IS,  129,  151.  133. 
classes  of.  194. 
convergent,  sia. 

**  path  toward,  194. 

^lindrical  and  divergent,  aia. 
flow  of  water  ihrougn,  194,  aio. 
t,  form  of  submerged,  195. 

peculiarities.  207. 

ratio  of  minimum  section,  195.  j 

variations,  204. 

velocity,  196,  aoS,  309. 


lost  r^n&ll,  54. 
:  path  of  jet,  187. 
segment,  application   to  weir  vol- 
umes, 382. 
i  and  retaining  walls,  390. 
x)ncrete.  35c;, 
;mbankment  slope,  350. 
watersheds.  71. 
.  cylindrical,  wtwd,  439,  44X. 
on  from  reseivoirs,  85,  94. 


Percolation  of  rain,  104,  in. 

"  under  retaining  walls,  406. 

Permanence  of  water  supply  essential,  585. 
Persons  per  tamily,  3a. 
Physiol(^:ical  eflfccts  of  the  impurities  of ' 
114. 
**  office  of  water,  35. 

Pipe,  adjustable  effluent,  364, 

**     and  conduit,  223. 

**     branches,  composite,  484. 

»'     jolntu  cast,  457.  461 ,  463,  469.  483. 

•*         "         '*     iiub  on  wrought,  483. 

"        "      dimensions  of,  4^,  451,  463. 

"        *•      flexible.  463. 

**        ^      ioterchangeable,  469. 

"     metals,  470,  473. 

"  **        wrought,  strength  of,  451,  486, 

49I- 

"     resistance  at  entrance  to,  aa6. 

^*     shells,  wrought,  thickness  of,  448,  485, 

486. 
**     sj^stems,  duplication  In,  510. 
"  "        illustrations.  493, 51a 

'*     walls,  resistances  of,  327,  838. 
Pipo  and  sluices,  embankment,  355. 
^'     cast-iron,  451. 

!*.         thickness  of,  ^53,  454. 455.  4«- 
weights  of,  465,  4«;  469- 
'*     cement  ioints,  482. 
**         *■       lined,  479, 481. 
'*     coefficients  of  inction,  342,  495. 
"     concrete  foundations  for,  487. 
**     depths  of,  501,  50a. 
*'  **        "  sockets,  459. 461. 

"     diameters  for  fire  supplies,  510. 
'*     elementary  dimensions  of,  504. 
"     flanges,  taole  of,  46a. 
'*     formulas  for  thickness  of  cast,  453, 466. 
"  "         "        velocity,   head,  volume, 

and  diameter,   334,  366, 
a68,  270,  498. 
"  "        "   weights  of  cast,  465. 

"     Mictions  in,  334,  405,  508. 
"     hydraulic  proof  of,  477. 
*'     lead  in  joints,  468. 
"     mains  and  distribution,  446. 
'*     preservation  of  sorfiaces,  473,  480,  489, 

491. 
"     relative  capacities  of,  498,  500. 
"     short,  aa3. 
'*     square  roots  of  fifth  powers  of  diameters, 

409,  500. 
**     static  pressure  in.  446. 
"     sub-coefiicicnts  of  flow  (rO,  371. 
"     temperatum  of  water  in,  50a. 
*'     thicknesses  of  wrought,  447,  450,  486, 

488. 
"     volumes  of  flow  from,  223,  335,  495. 
"     water-ram  in,  448,  449. 
"     wood,  491. 
"     wrought-iron,  479. 
"  "        plates  for,  490. 

Piping  and  water  supplied,  38. 
"      ratio  to  {population,  35. 
Piston  motion,  563. 

"      pump,  557,  558. 
Pitot  tut)e  gauge,  330. 
Plant  and  insect  agencies,  147. 
"     growth  in  reservoirs,  145. 
Plates  for  wrought  pipes,  490. 
Plunger  pump,  557,  563. 
Pluviometer,  63. 

Polluted  water,  definition  of,  137, 
Polluting  liquids,  Inadmissible,  154. 
Pollution  question,  156. 

"        of  water,  artificial,  153. 
Population,  and  relation  of  supply  pcrcapit% 
40. 
'*  of  various  cities,  33. 


618 


INDEX. 


Portlud  cement  for  joint  nKHtar,  487. 
Forosity  of  earths  and  rocks,  los. 
Post  hydrants.  517. 
{  Power  consumed  by  Tariabfe  flow  in  a  main, 

"      required  to  open  a  Talre,  361.  364. 
Practical  coostruction  of  water-works,  333. 
Precautions  for  triangtilar  weirs,  •95. 
Precipitation,  influence  of  etevanon  npoo,  50. 
Preserratton  of  pipe  surftces,  473, 480, 489, 491. 
Plesstire,  a  line  a  measure  ot.  174. 

*^        crodutts  under.  435,  419,  440 
:uanical 


Pomps,  types  of,  557. 

\-anable  flow  through,  550. 
PoiitT  of  water,  chief  requisites  for,  t44. 
Purity  of  water,  preservation  of,  t^. 
Puriticatioo  of  water,  natural,  134,  257,  is& 


(Quality  cT  water,  sugar  test  of;  15^ 


conrersion  mto   meet 


effect. 


■30. 
"  "of  velocity  into,  aa7- 

**  dircctioa  of  maximum  effect,  17^ 

*'  lerertfe  of  watei,  w. 

**  of  earth  against  waus,  408, 410,  413, 

415,  416. 

"  •*  water,  168. 

••  "      "      in  a  conduit,  437. 

"  proportional  to  depth,  ira. 

**  sustaining  upon  floating  bodies,  179. 

**  tiansmtssion  of.  183. 

^  upoD  a  unit  of  sur&ce,  171. 
**  "     surfaces.  391,  393. 

*  weight  s  measure  oC,  173. 
Pressures,  artificial,  171. 

"         at  giTcn  depths,  table,  17a. 

"  atmospheric,  18a. 

*'         centres  of.  xjj. 

"*         convertible  mto  motion,  184. 

**         from  inclined  trolumns  of  water,  170. 


great  in  hyilrants,  <n. 
borizootafa 


and  rerucal  dliecta,  177. 
in  embankments,  343- 
^         limiting  in  masonry.  404. 
^         static  in  pipes,  446, 443. 
'         total  of  water.  17*. 
'         upon  circular  areas,  179. 

"     cur%-ed  sur&ces.  178. 
'         upward  upon  submergeo  tintels,iSi. 
of  wetr  rolumes.  382. 
Processes  for  preserrin?  iron,  474,  47C,  489. 
Profile  across  the  Initeil  States,  43. 

'*      of  reuininj;  walls.  407. 
Properties  of  water,  ti ;. 

of  embankment  materials.  342. 
Proportions  *"  "  ^^. 

pTwtevtion  of  filter  beds.  j-iS.  555- 

"  water  supply  channels,  431. 
Prony's  analysis  of  experiments,  255. 
Proving:  press,  hydraulic.  477. 
Pud^lled  canal  bank.  370. 
Puddle-w^lt.  351 

"      slope.  30. 
Pump,  bucket-plunger,  557.5*7- 
•*        Cornish.  55-.  5^3. 
"      piston,  557.  55i. 
*'      plunder.  557.  563 
"      rotary,  5?^^. 
Pumping  of  water.  557. 

*•  "       liu^ram  of,  43. 

*'  engines,  -5-.  5<??.  ^ti.  577- 

"  ^-         a.!aptabit:ty  i>i.  5S4. 

"  "  cost  ot  sup'pl'*?**  575. 5S»- 

•■*  "  "     attendance.  575,  55a. 

•*  "  duties,  574. 57*3.  jSo,  iSi,  533. 

•*  •*  fuel  expense:*.  jSi. 

"  **         principal  divisions,  5-7- 

*•  *'         special  trial  duties,  51*0. 

"  **         values  compared.  5S;. 

**         machiaery.  501,  k». 

'*  "  duplicate,  590. 

*'  "  for  direct  pressure,  590, 

"  "  Manchester.  585. 

"  system.  sSq.  %■>.'. 

•  water,  cost  of.  574,  575. 


RadiL  mean  of  conduits,  441, 449. 
Rainfall,  along  river  courses,  s>- 

"        diagrams  of,  55,  57.  59. 
nuctng,  6a. 

"       eeoetaE46. 

**        m  the  L  Dited  States,  5> 

**       influences  affecting,  60. 
low  CTcle,  69.  77.  ^ 

*■*       mooiblv  fluctuations  in,  56, 

"       niuo  offloods  to,  6s. 

'*       secular  fluctuatkios  in,  60, 

**        sections  of  majctmum,  47. 

*•        statistics,  review  oC  46. 

"        volumes  (^  given,  63. 
Rain-gauge,  63. 
Rains,  river-basin,  yx 
Rates  <^  fire  sopplies,  506. 
Ratios  of  evaporatioa.  91. 

*"         monthly  c<M3stimptioa,  43. 

**         monthly  flow  in  streams,  76. 

*'         qualification  of  deduced,  99. 

"         ramfidl,  flow.  etc..  table,  too,  xoi. 

**         standard  gallons,  lao. 

'*         surfiure  to  mean  vdocities  in  chan- 
nels,»s- 

"*  variable  delivefy  of  water,  564. 
Reaction  and  gravity,  opposition  of,  zy>. 
Recouooissance  for  embankment  site,  346. 

^  of  a  water-shed,  78. 

Rectangular  and  trapezoidal  waits,  moments 

of.^99- 

wetrs,  477. 
Reducer,  pipe,  478- 
Relation  of  supply  per  capita  to  total  popula- 

tiOQ.  MJ. 

Relative  values  of  4,  Jt*.  and  k".  ag. 

discharging  capacities  of  pipes,  49S, 

'*        rates  ofdomestic  and  fire  draughts, 
508 
Repulsion,  molecular.  396. 
Reserve  tor  tire  service.  44. 
ReserTO;r  coverings,  556. 
distributing.  353. 
embankments.  333. 
plant  growth  in.  145. 
s:oraKC,  surve>-s  for.  347, 
strata  conditions  in,  L46I 
*  sv^stem.  ^. 

Reservoirs,  subterranean,  105. 
Resistance  of  the  air  to  a  jet,  t9a 

at  entrance  to  a  pipe.  X26. 
of  masonr>-  revetments.  417. 
'*  to  flow,  measure  of.  330.  rjt. 

Resistances  to  flow  within  a  pir*.  227. 

in  channels,  300. 
Resultant  effect  of  ram  and  evaporaticn,  93. 
Retaining  walls,  w. 

"     effect  of  traffic  00,  425- 
'*     f>r  earth,  table.  420. 
**  *■■     firoct  batters.  434. 

"  **      percolati'^n  under.  406. 

"     sectioos  of.  «c-. 
*•      top  bread.hs,  434. 
Revetted  conduits.  411. 
Revetments,  fiiced  and  concrete,  439. 
*'  final  resuItaiAs  4x8. 
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5,  resiMance  of.  417. 

Unpnoidalf  Uble  oi,  490. 
ghta,  85. 
jpe,  371. 
ra,  151. 

cuuus,  table  of  flows,  307. 
in  nUns,  50. 
us  of  Muoe,  84. 
rses,  min&U  along,  51. 
uUon  committee,  i$a. 
ter  beds  and  resenrolis,  548,  555. 
np,  558, 
outed,  353. 
oniy,  aw. 
ling  wall,  35a. 

S. 

banlnnents,  353. 

scus^ons,  153. 

iprovements,  36. 

fice  of  water,  a6. 

ews,  precautionary,  154. 

process  of  coating  pipes,  489. 

floods  68. 

maximum  rainfim,  47. 

::tuation8  in  rainfall,  60. 

esTuvtions  in,  table,  528. 
iga  and  low,  524. 
amsj^so- 
punties,  134. 

^'  dilution  of,  153, 155. 

}nduits,  434. 
gauges  and  weights,  ^. 

under  embankment,  339. 
9,  SI  5,  316, 
Durce  of,  45. 


pe,  479t  483. 
iiw 


iwork.  344,  345. 

mg  exposed  to  frost,  355. 

Idled,  35s- 

*  embankment,  356. 

odties  for  given,  358. 

s,  360. 

pipes,  embankment,  355. 

areas,  359; 

wrary  stop-gate,  359. 

elcd,  embankment  356,  358. 

es,  iron,  360. 

•pes,  table,  359. 

f,  184. 

Mnkment.  reconnoissance  for,  346. 

F.)  adjustable  pipe,  364. 
ith  embankments,  337. 
iration  from,  no. 
organic,  532. 
In  water,  tia. 
bowers,  45. 
ineral,  141. 

ier  embankments,  337. 
i  wells,  toa- 

"         supplying  capacity  of,  iia 
ers,  14X. 
of  water,  34. 
:ensus,  31,  3a. 
«infii.U,  46,  53. 
'masonry,  395,  ^97. 

pumping  machmery,  578. 

3,  536.  564. 

mres  in  pipes,  446. 
tditional  required,  08. 
tsins,  substratas  uf;  85. 
'*        percolation  from,  85. 
water,  84. 
"       influence  upon  a  continuous, 
supply,  99.  I 


borage  of  water,  effect  of  evaporation  on,  93. 

"  "       required,  95. 

Storage  reaerrou,  338. 

"  **  emtMuikmentj  353. 

**  "  supply  to  and  draught  from, 

Uble,  96. 
Strata  conditions,  146. 
Streams,  available  annual  flow,  04. 
"        estimates  of  flow,  6s,  78. 
**       flashy  and  steady,  71. 
"       gauging,  396. 

**       minimum,  mean,  and  flood  flow,  75. 
**       ordinary  flow  of,  80. 
**       ratio  of^mootbly  flow,  76W 
Strengths  of  vrrougbt  pipe  metals,  451, 486,  491. 
Stop-gates  in  conduits,  436. 
^p-valve  curbs,  515. 
"  Ludlow's,  514. 

'*  Coffin's,  493. 

•*  Floweis',  493, 

*•  Eddy's,  511. 

"  system,  511. 

Stonns.  great  rain,  61. 
Sub-heads  compared,  353. 
Sub-mains,  diameters  of,  507. 
Subterranean  reservoirs,  105. 
'*  waters.  10a. 

"  watersned,  109. 

"  waters,  temperature  of,  ia6. 

"  "        uncertainties  of  search 

for,  106. 
Substrata  of  a  storage  basin,  85. 
Supply  main,  diameter  of,  506. 

"     to,  and  draught  from  a  reservoir,  table, 

96.97- 
Supplying  capacity  of  watersheds,  04. 
Surcharged  pressure,  earth,  414,  416,  433. 
Surfoces,  pressure  of  water  upon,  391,  393. 
Surveys  for  storage  reservoir,  347. 
Sources  of  water  supplies,  587. 
Symbols,  definitions  of,  335. 

"        combined  reservoir  and  direct,  535. 
Systems  of  water  supply,  ^85,  586. 

"       "        "    distribution,  403. 

"       "    iminfiOi,  47.49. 50. 

T. 

Temperatures,  artedan  well,  127. 

*'  of  deep  sub-sur&ce  waters,  ia6. 

"  "  filter  beds^  555. 

*'  "  water  in  pipes,  S03, 

Templete,  for  flange  bolt-noles.  460. 
Tenacities  of  wrought-pipe  metals,  451,  486, 

491. 
Tests  of  pipe  metals,  47a. 
Testing  of  hydrometers,  323.- 
Theory  of  flow  over  a  weir,  278,  a8a 
Thickness  of  a  curved-face  wall,  422. 
"  **    dams,  table.  387. 

"  "    pipes,  formulas.  466. 

"  «    walls  for  water- pressure,  399. 

'*  "    wrought-pipe    shells,  447,   486, 

^88. 
Thompson's  molecular  estimate,  163. 
Thrusts  of  a  conduit  arch,  437. 
Timber  weirs,  384. 
Transit,  use  in  gauging,  313,  318,  319. 
Transmission  of  pressures,  183. 
Traffic,  effect  upon  retaining  walls,  425. 
Trapezoidal  revetments,  table,  ^ao. 
Treacherous  strata  beneath  embankments,  338. 
Trial  shafts,  at  embankment  sites,  336. 
Tube  gauge,  317. 
Tubes,  short.  213. 
Tubercles,  in  pipes,  347. 
Turbine  water-wlieels.  539,  579. 
Turned  pipe-joints,  458. 
Tjrpe  curves  of  raiiuall,  55, 57, 59* 
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U. 

Unlfbmi  effect  of  natural  laws,  6i. 
Uoion  of  high  awl  low  services,  324. 
Units  of  heat  atUized,  578. 
Uaeof  water  increuiiig,  39. 

V. 

Vacunin  ajutage,  914. 

*'       uaperfcnct,  short  tubes,  8x5. 

**       rise  of  water  Into,  iSa. 

*'       tendency  to  in  compound  tubes,  asi. 

**       under  a  weir  crest,  393. 
Values  of  r*,  971. 

^     **  A  and  A',  Uble,  364. 

^     *'  pumping  eiuclnes  compared,  583. 

**     **  water  snpphes  as  an  investment,  39. 
Vanne  conduit,  438. 
Vapory  elements,  Ute,  45. 
Valves,  air,  533. 

**      blow-off,  513. 

'*     Cornish,  569,  5701. 

"      check,  535. 

*•      curbs,  515. 

^      disk,  571. 

**     double  beat,  560,  57a 

"      ffap,  s68. 

**     iron  sluice,  360. 

"     piston,  569. 

**     power  required  to  open,  361, 364. 

*'       **    ssratem,  511. 

"       "    waste,  5i> 
Variable  flow  through  pumps,  559. 
Vsmishes  for  iroa,  474, 476, 4B9. 
Vegetal  growth  in  filter  beds,  555. 
Vegetable  organic  impurities,  138. 
Velocity,  conversion  mto  pressure.  337. 

*'        equation,  modification  of,  370. 

"        fonnula  lor,  349,  350. 
Vdocities  in  canals,  371. 

"         theoretical  Ublc,  too. 

*'        of  falling  bodies,  table,  190. 

"         for  given  slopes,  table,  359. 

**         ratios  of  surface  to  mean,  315. 

**        relative,  due  to  different  depths  in 
channels,  338.  I 

*'         of  given  films,  in  channels,  311.  | 

"         surface  in  channels,  313. 
Vermin  in  canal  bunks,  371. 
Vertical  shifiiof?  of  water,  365. 
Virginia  City,  wrought-iron  pipe,  489.  | 

Voids  of  earths  and  rocks,  103. 
Volume  delivered  by  pipes,  table,  495. 

"      of  efflui  from  an  oritice.  194,  209. 

"        "    "      formula  lor,  196.  ' 

flood  inversely   as  the  area   of  the 
basin,  65.  ' 

Volumes,  formulas  for  flood.  6$. 

**         flood,  from  watersheds,  381.  I 

"        relative,  due  to  different  depths  in  I 
channels,  338.  ' 

"         of  given  rainfalls,  63. 

**         for  given  depth  upon  wein,  390. 

^        from  waste  weirs,  table,  380. 

W. 

Walls,  back  batters  of,  433. 
**      chamber,  369. 
"      counterforted,  437. 
*'      curved  fiice,  uhle,  433. 
"      earth  pressure  against,  408,410, 413, 413, 
415.  4»6. 
elements  of  failure,  437. 
"      cod  supportsof,  439. 
"     front  outers  of,  434.  1 


Walls,  formula  of  thlckncas  for  water  pressure, 

399" 

**  fottodatiuns  of,  395,  406,  407. 

**  leverage  resistance  of,  40a. 

**  profiles  of,  407. 

**  retaining,  390. 

**  to  r^ain  water,  table,  406. 

**  to  sustain  trafl&c.  435. 

'*  top  breadths.  424. 

"  wharl,  436. 
Waste  pipes,  embankment,  357. 

"  sluice.  '*  356. 

**  wev  formulas.  370. 

**       "      volumes,  uble,  38a 

**        **      aprons,  383. 

**        •*       ballast,  SS- 

"  wetrs,  377. 

"       **      discharges  over.  378. 

»'        "       forms  of,  383. 

"       "      thickness,  table,  387. 

"  valves,  513. 
Water,  analyses  of  potable,  117. 

^*  characteristics  of.  113, 159,  i6x. 

**  crystalline  forms  of,  165. 

**  choice  of,  587. 

'*  clarification  of,  530. 

**  compreasibUity  and  elasticity  of,  167. 

**  commercial  use  of,  34. 

"  consumption  of,  34,  503. 

"  the  composition  of,  tis. 

**  domestic  use,  34. 

**  engine,  569. 

"  evaporation  from,  88,  89. 

**  flow  <^,  184, 194. 

"  lorceofMling.  388. 

"  hose,  use  of,  34. 

^  impregnations,  it3,  t4>. 

*'  impurities,  iis,  141. 

**  molecular  actions,  168, 169. 

*'  pressure  upon  surmces,  16S,  176, 391, 393. 

"  presmre  leverage  of,  397. 

^  physiolc^cal  onice  of,  35. 

**  "  effect  of  the  impurities  of^ 

114. 

*'  pipes,  organisms  m.  129, 133. 
plant  ana  insect  agencies  in,  147. 


pumping  of.  557 

ol 
nver,  151 


rarity  ofclear.  ^30. 

ratios  ot  variable  flow,  564. 


"      sanitary  office  of,  36. 

**      storage  of,  84. 

"      spring.  141. 

*'      solvent  powers  of,  113. 

"       subterranean,  103. 

"      sugar  test  of  quality,  1^9. 

"      supplies,  gathering  and  delivering,  586. 

"  ''  tnctdental  advantages  of,  39. 

"  *'         necessity  ol.  35. 

'*      supplied.  31,  35,  36.  37-  38-  40. 

"      supply,  permanence  ol,  585. 

"  *•        systems  ot.  585. 586. 

"      volumes  and  weights,  table,   161,  164, 
166. 

"      vertical  changes  in,  365. 

"     waste,  34. 

"      weight  of  constituents,  164. 

**         "       pressure  and  motion  of,  i6x. 

"     well,  139. 

"     wheels,  559,  579.  _ 

"      works,  construction  of,  333. 
Watersheds,  71,  tod. 

"  supplying  capacity  of,  94. 

Water-ram  in  pipes,  449. 
Wave  formula.  388. 
Waves,  heights  of,  388. 
Weir  apron,  379. 
Weir  benches,  38*. 
"•*     caps,  breadths,  386. 
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Wax  coefficients,  aB8, 989,  agi. 
"     creaia.  17a,  293,  •9> 

*  gmuginz.  77. 
"     overfalu,  377- 

WdcSf  crest  contrmctioiis,  sSa 
*'        dimoisions  oU  378*  379- 
**       diach&rgcs  over,  table,  ^9,  390. 
**       experiments  witJi  large,  984. 
•'       forma  erf",  277. 
"       formula,  for  wide-crested,  »93. 
"  **        '*  depth  upon,  286,987. 

"        fonnulaa.  aSs,  283.  a^  a86. 
*'       mtings  in  front  of.  393. 
**       Eook-fi;uaKe  for,  397. 
**       initial  velocity  of  approach  to,  185,  af/a. 

*  measuring,  377,  395. 
"  rule  eance  for,  398. 
"■        stability  of,  379. 

^        tail-water  oC  ago. 
**       tjiaogular  notca.  394,  395. 
**       tube  and  Kaiefaa^e  tor,  398. 
**        timber,  914. 
**        varying  kngthi.  379. 
^       vtriamea,  fomnlas  tat,  afa.  ^.   «t4- 
386.  S87.  SKJ. 
wa«e,  337. 3*3- 
^        wide-cntfad,  993. 
Wdgfat,  a  line  a  an  ■■111  mC  *7> 


WclithI,  II  mmiuip  of  m«N«M(<>,  **% 

mill  \iiliiiiti' •■)   ttttu-i    util- .  ti'i' 

"        lr\p|N||i<  oi  ittNitmiM  I  I'l" 

"        (it  poihl  WMloi,  ti'f 
WelftlitNxl  iMhi  |ii|»>«,  ^r.^,  fin,  ^<-.., 

"  "     OinlMnlillll-lll   tllMti-tUla,    141 

"         "    iihiIk  iil«'q,  I'tH 
Well,  InlKn  t*l>((ii|{,  14'' 

"       WMlnl,  iiv 

*'       WMlrr*,  «llitlv»i'«><l,  i4( 
Wrllimiitl  ■((MDirh,  I. .4 

**       f  t/ti'lHltjii '/I  ifv*  ill'iwltiy,  t.,f 

"      ('/uliiiK  •*(  old,  IV' 

"         tHl|/UfllMI|  'rf    •l«.«.|(,  t  «', 
'•        I'v  ali'/dK  !'*».  »  y, 
"        «r«.U-rclM<lr '/I     I'A. 
Wentcffi  rin«j  »/»>*j  111,  4/ 

*'  U-r,<la-t  »t^l  tt*lpj/   (/ij^r     ^^^ 
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Francis'  Lcwell    Hydraulics. 

Third  Editton.  4to.  Cloth.  $16.00l 
LowKXX  Htdbauuo  Ezpkbimkntb — being  a  Selection  from  Experi- 
ments on  Hydraulic  Motors,  on  the  Flow  of  Water  over  Weirs,  and  in 
open  Canals  of  Uniform  Rectang^ular  Section,  made  at  Lowell,  Mass. 
By  J.  B.  Francis,  Civil  Engineer.  Third  edition,  revised  and  enlarged^ 
inoluding  many  New  Experiments  on  Gauging  Water  in  Open  Canals 
and  on  the  Flow  through :  Submerged  Orifices  and  Diverging  Tubes, 
l^th  28  copperplates,  beautifully  engraved,  and  about  100  new  pagea 
of  text. 


KirkvTood  on  Filtration. 

4to.    CIoUl    Slfi.Oa 

Bbfort  oh  thb  Filtbation  of  Riteb  Watebs,  for  the  8npi>ly  of 
Cities,  as  practised  in  Europe,  made  to  the  Board  of  Water  Comnds- 
sionen  of  the  City  of  St  £»uis.  By  Jambs  P.  Kxbkwoox>.  lUnstra- 
led  by  80  doublfr-plate  engravings. 


WhrppiB  OTL  Bruize  Bmldin^. 


•fS- 


Boel>lizuE^s  Hridzea. 


I>aboi^  Grapikical  Statics. 

9LSk. 


Edd-v's  Graphical  Statics, 

fvo.    nnTTfwJ.    Cadi.    t^Jxl- 

5cv-  CfMRBcrmas  d  GmAvnc  $uz9caL    B/  Pr.l  Henrj  T.  Eldj,  C.  K, 
i%.D,    Whh.  tea  cn^^mTn^  hi  t£x:  ami  B^zit  f'Ou^ag  putfcc 


Bo'W  on  Bracing. 


▲  Tbxatus  ov  BmjLCaa, — villi  its  fpliftinn  to  Bzidgoa  and 
(rf  Wood  or  Iron.    Bt  BwOert  Hcott-  Bow,  C  S. 


Stoney  on  Strains. 

TvB  Tmeokt  of  SrmAnft  zx  GotoxKa — uid  SimiUr  Strnetorai,  wltk 
Obsemtioiia  on  the  Applicatioa  of  Theorr  to  Pnctioef  and  Table*  ol 
Stnogth  and  other  Fropertka  ol  ¥atoriile  By  Biiidao  B.  StougTi 
&  A.  

Henrici's  Skeleton  Structaj^ea. 
•ta   OoO.   $Lia 

BssLBTOH  STBVcnrmBS,  especially  in  their  Application  to  tta  iMfldlif 
ot  Hteel  and  Iron  Bridges.     By  Outus  Hnmicx. 


SCIENTIFIC  BOOKS  PUBLISHED  BY 


Burgh's  Modern  Marine  Engineering. 

One  thick  4Co  ToL  QoUi.  $^.00.  HmU  moioooa.  Ssaoo. 
llODKRN  Marfne  Ehgikzcbino,  applied  to  Paddle  and  Screw  PropiU- 
fiioD.  Con&istiiig  of  36  Colored  Flatca,  250  Pracdcal  Wood-cut  lUaa- 
tratiooa,  and  403  pages  of  Descriptive  Matter,  the  whole  being  an  ez- 
poaitioD  of  the  present  practice  of  the  following  firms :  Messrs.  J.  Peuo 
&  Sons ;  Meaars.  Maudjslay.  Sona  &  Field  ;  Meaara.  Jaroea  Watt  &  Co.  ; 
Meaara.  J.  &  G.  Renuie ;  Messrs.  R.  Napier  k  Soua ;  Meosra.  J.  &  W. 
Dudgeon  ;  Meaars.  Raveuhill  &  Hodgson ;  Measra.  Uumphreya  &  Ten- 
ant ;  Mr.  J.  T.  Spencer^  and  MeAers.  Forrester  &  Co.  By  N.  P.  BuBOBi 
Engineer. 

King's  Notes  on  Steam. 

Nineteenth  Edition.    6ro.    S2.0a 
LtaaoHS  avdPkactical  Xotes  on  Steam, — the  Steam  Engine,  Propel- 
lera,  &e.,  Ac,  for  Young  Engineers,  By  the  late  W.  R.  Kino,  U.  8.  N. 
Efiviaed  by  Chief -Engineer  J.  W.  Ki«o,  U.  8.  Navy. 


Link  and  Valve  Motions,  by  W.  S. 

Auchincloss. 

sixth  Kditlon  8ro.  Cloth.  $3.00. 
Appucation  or  TBS  Slidr  Valvk  and  Link  Motion  to  Stationaryi 
Portable,  Looomotive  and  Marine  Enginea.  By  William  S.  Aucbim- 
CL088.  Designed  as  a  hand-\70ok  for  Mechanical  Engineers.  Dimen- 
nona  of  the  valve  are  found  by  meana  of  a  Printed  Scale,  and  propor- 
tioiia  of  the  link  detennined  tciihout  the  aasiatance  of  a  model.  With 
37  viocd-cuta  and  21  lithographic  plates,  with  copperplate  engraring  o' 
the  Travel  Scale. 


Bacon's  Steam-Engine  Indicator. 

Ubo.    aoCh.    $1.00 

A  Tbkatisv  ok  tbb  RicnABDS  Steam-E!tgink  Ini>icatok, — with 
directions  for  ita  nae.  By  Chakleb  T.  Porteh.  Revised,  with  notes 
and  targe  additions  as  developed  by  American  Practice,  with  an  Ap- 
pendix containing  useful  formolse  and  rules  for  Engineers.  By  F.  W. 
Bacoh,  M.  £.,  lUnstrated.     Third  Edition.     (Enlar^red.) 


lelier-wood's  Engineering  Precedents. 

Two  Tola  hi  One.    Svo.    Cloth.   92M. 

^anrcKKiivo  Prbckdbnts  for  Steam  Machinery. — By  B.  F.  Ibmkb- 
WOOD,  Chief  Engineer,  U.  S.  Nary.     With  Ulustrationa. 


A  TAN  NOSTUANDl 


Slide  Valve  by  Eccentrics,  by  Prof.  C.  W.  Mae- 
Cord. 

mo^Vta^awiad.  GMh.  SlO* 
A  PftAcncAi.  TV^ATiss  OS  THS  Burnt  Valtb  bt  SccBRxm^— > 
CT^Minfng  by  mAbodm  th«  aetkn  of  the  Bte^^io  «pim  As  Blidi 
Y>h»>iad«rplauia^  the  practical  pi occjwaof  laying owt  the  iBUTtMBBi^ 
adaptiD^  ^te  t«£t«  for  iti  vmoas  dotiai  in  the  stnzA-eD|;ic«.  For  th» 
«n  of  Eagineen*  DnngiitKaien,  MaidiiiurtSf  and  Stadente  of  valro 
■DtioDS  ia  goienL  By  C.  W.  MacCobo,  A.  1L«  rrnfi— jt  ef 
Mifhaninil  Drsvizig,  Storene'  Listitate  of  Tediuolocy.  Hoboko^  H.  J. 

StillTnan's  Steazn-En^ine  Indicator. 

laaa.  OoO.  $1.0i 
Thx  &TBAM-EireiNS  bmcATOK, — Bud  thm  Tmiii  n  i  ml  ManniiitM  tUn— 
aad  Vacawn  GAag«a  ;  their  otility  and  Applieatkm.     Bj  Paoi.  8fn^ 
MAM.    Vev  editiaB. 


Collins*  Useful  Alloya- 
Umol    rtedbtaL    SOceeta. 
Tn  PuTATB  Boos  OF  UszruL  AixoTB  «nd  MeDMnada  for  Goht 
•nuthe»  Jevrilen,  etc.    By  Jams»  K  Collocs. 


McCulloch's  Theory  of  Heat. 

Sto.  OoCh.    3^. 
A    Tkkatisk    ox    the    Mkchaxical    Thkokt    or    Hkat,  ajtd  m 
Appucatioxs  to  thk  Stkam-Enoctx.     By  Prof.  R.  S^  McCvixocB, 
of  the  Waahiagtoa  aiid  Lee  Unirenity,  LexingtoD,  Va. 

Joynson's  Metal  Used  in  Constmction. 

12ma    Cloth.    TScnte. 
TSB  Mktala  Csko  in  CoNSTBCCnex  :  Iron,   Steel, 
ete^  etc.    By  Fkaxcis  U.  Jotxsost.    Illustrated. 


Stuart's  Successful  £Ing:ineer. 

Una    Boatd&    BDcante. 

How  TO  BicoitB  A  ScccKsartrx.  Exocfssm.    Being  ffints  to  Tovlhi 
intending  to  adopt  the  Profeanon.     By  Bbutakd  SrnAftT, 
Sixth  Edition. 


SCIENTIFIC  BOOKS  PUBLISHED  BY 


Stuart's  Naval  Dry  IDocks. 

Twenty-four  eognvin^  on  vteeL    roaith  edltioiL    4to.    OoUl    $6.00. 


The  Naval  D&t  Docks  or  the  United  States. 
Stuabt,  £DgiDeer  in  Chief  U.  S.  Nary, 


The  : 
Sxt 


By  Chaeuu  B. 


Ward's    Steam    for   the    MUlion. 

Sro.    Cloth.    tl.OOi 

FOR     THE     "'  "     ~ 


Steam    por    the    Milliow.     A  Popular  Treatise  on  Steam  and  Ito 
Applicatiou  to  the  Useful  Arts,  especially  to  Narigation.    By  J.  U. 
I  Waeo,  GommaDder  U.  S.  Navy. 

^B  Tuimer    on    Kc^U-Turning. 

^H  1  roL  8to.  And  1  toI.  folio  plates.    SlO-00. 

^^1  TbBATISB   0»    ROLL-TUBNINO     FOB     THE     MANUrACTURE   OF    IbOMi 

I  by  Peter  Tunnkr.    Translated  by  Johx  B.  Pkarse,  of  the  Penn- 

I  sylT&nia  Steel  Works.     With  numerous  wood-cuta,  8vo.,  together  with 

ka  folio  atlas  of  10  lithographed  plates  of  Rolls,  Measurements,  he 
Gruner  on  Steel, 
^ft  bto.   aoth.   $aAO. 

xflE  Manufacture  of  Steei«  By  M.  L.  Gruheb  ;  translated  from 
the  French.  By  Lrnox  Smitk,  A.M..  E.M.  ;  with  an  Appendix  on 
the  Bessemer  ProcesB  in  the  United  States,  by  the  translator.  Dlns- 
trated  by  lithographed  drawings  and  wood-cuts. 


L 


Barba 


on    the    Use    of  SteeL 

12ina    Dlostrated.    Cloth.    tl.ML 
The  Use  or  (Jteel  uv  Construction.     Methods  of  Working,  Apply 
ing.   and  Testing  Plates  and   Bars.     By  J.  Barba,   Chief    Naral 
Constructor.     Translated  from   the  French,  with  a  Preface,  by  A.  L 
HOLLET,  P.B. 


Hydraiilic    Mininir- 

ISmo.     Cl»ch.     Bevelled  hoanl-.     Si  .00. 
Xaitoal  OP  Hydr\clic  Minino.  for  the  use  of  the  Practical  Miner. 
T.  F.Van  Wagencn.  E.  M. 


By 


10 
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Gillmore's  Limes  and  Cexaents. 

Fifth  Edition.    BeTlB«d  mnd  Ealugod.    Sro.    Cloth.    $100. 

Pjlactical  Tkeatise  o.'v  Links,  Utdbaolio  Ckmutts,  and  Mob- 
tars.  By  Q.  A.  GiLLMORK,  Lt^CoL  U.  S.  Corp«  of  Kagiaeet*. 
Breret  MAJor-Gener^  U.  S-  Array. 


Gillmore's  Goignet  Beton. 

Nine  PUtw,  Vlswi.  etc    8va    Goth.    $2.90. 

CoiONET  Bkton  and  Otokr  ARTIFICIAL  STOBnt. — By  Q.  A.  Gnx- 
yoRE,  Lt.-Col.  U.  S.  Corps  of  Engineers,  Breret  Major-General  U-B. 
Army. 

Gillmore  on  Roads. 

fierenty  Olastiutioiu.    12iao.     Oloth.    S3.0a 

A  pRACTtOAL  Treatise  on  the  Construction  of  Roads,  Strbsts, 
AND  Pavrments.  By  Q.  A.  Gilluore,  Lt.-CoL  U.  3.  Corps  of 
Bn^ecrs,  Brevet  Major-General  U.  S.  Army. 


Gillmore's  Buildings  Stones- 

8to.    Cloth.    $1.00. 

Report    on  Strength  or  tbb  Buiuiino  Stonks  in  tbr  Unitbd 
States,  etc. 

IloIley*s  Railway  Practice. 

iToI.  foUo.    Cloth.    $12.00. 


of 


American  and  European  Railwat  Praotxob,  in  the  EoonomS 
Generation  of  Steam,  including  the  materials  and  construction 
Coal-burning  Boilers,  Combustion,  the  Variable  Blast.  Vaporization, 
Circulation,  Super-heating,  Supplying  and  Heating  Feed-water,  &c, 
and  the  adaptation  of  Wood  and  Coke-burning  Engines  to  Coat- 
boming ;  and  in  Permanent  Way,  including  Road-bed,  Sleepers, 
Rails,  Joint  Fastenings,  Street  Railways,  etc.,  eto.  By  Alezakokb 
L.  HoiXKT,  B.P.     With  77  lithographed  plates. 


Useful  Information  for  Rail-way  Men. 

Pocket  form.     Uoroooo,  gUl.     $2.O0l 

Compiled  by  W.   G.   Hamilton.   Engineer.     T^ev   Edition,  R^rriscd 
and  Enlarged.    677  pages. 


D,  VAN  N0STRAN2X 
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Stuart's  Civil  and   Military   Engineers 

America. 


of 


STO.    miutratcd.    QoCh.    IS.00. 
Thb  Civn.   AND   MtLiTABT   Enqinkbhs  or  Ambbioa.      By   General 
Charles  fi.  Stuabt^  Authofof  **  Naval  Dry  Docks  o£  the  United 

btalee,*'  etc.,  etc  Embellished  with  nine  finely-executed  Portraits 
on  steel  of  eminent  En^neers,  and  illustrated  by  EngTavingB  of  aome 
e(  the  ntoflt  important  and  original  works  constructed  in  America 


Han 

I  Eng 

^^  cula 


Shock  on  Steam  Boilers. 

Quarto.    lUaftrated.    Half  moroeco.    $15.00. 

mkVL  Boilers  ;  their  Design.  Construction  and  Management.  By  Wil- 
liam A.  Shock,  Engiiieer-ia-Chief,  U.  8.  N.;  Chiuf  of  Bureau  of  Steam 
Engineering,  U.  8.  N.  450  pages  text.  Illustrated  with  150  wood 
cuts  aod  36  full  page  plates  (soveml  double). 


Simms*  L*evelling. 


II 


i2mo.    Cloth.    %2M, 
A  Treatise  on    the    Principles    and    Practice   or    LEVELUva, 

showing  its  application  to  purposes  of  Railway  Engineering  and  the 
Construction  of  Roads,  etc.  By  Frkuerice  W.  Simms,  C.£.  From 
the  fifth  Loudon  edition,  Revised  and  Corrected,  with  the  addition  of 
Mr.  Law's  Practical  Examples  for  Setting-out  Railway  Corrfls. 
Diustrated  with  three  lithographic  plates  and  numerous  wood-cuts. 


N 


Jeflfers*  Nautical  Siirveying. 

Qutzated  with  0  Copperplates  and  31  Wood-out  Illnstratlona.    8vo.    Cloth.    $B^OQl 
Nautical  ScBVBTiNa.      By  Williau  N.  JBrFBRs^  Captain  U.  8. 
N»Ty. 


Text'-book    of  Siii'veying, 

Sto.    9  Lithograph  Platee  and  sevenil  W(»od-<'uts.     Cloth.    $3.00. 
ATbxt-book  on  Surveting.  Phojectionb,  and  Portable  Inbtbuuekts, 
fior  the  use  of  the  Cadet  Nnilshipmcn,  at  the  U.  8.  Naval  Academy. 


The  Plane  Table. 

»T0.    Cloth.    $2.0a 

Prom  the  papers  of  the 


aaSSTTFIC  BOOKS  FUBUSaXB  MW 


Chaa-renet's  Lamar  I>istazu9efl» 


of  K»fiDc  tfa«  Soar  ad  Rate  of  ft 
Bf  Wm.  CmAVwwmKS,  LUX, 
Cnmfef  of  Sc  LogiK 

Bart's  Key  to  Solar  Compass. 

aKo^UWoii.    f^iiilhmi  1km.    TMk.    tUO. 

KST  TO   TVS   SOLAK   COMTAM,  ftad  «■■  ■■Ji»  ^«  P-n— f  i«t  ^ 

an  the  Boko  npuiwiiyfor  ve  n  the  Field  ;  afao 
Xinetf  SarrcTs  aad  Pkbtic  Lftod  Svitem  <tf  Oe  Ciuted  Slatei,  NoM 
oa  tte  Baraaeiav  Soggeadoos  for  aa  Ocstfit  for  ft  Smrwvf  oi  V9V 
Mootho,  eie.    By  W.  A.  Bust,  C  &  Depvty  Svrrejor. 


Hoiw^ard's  Earth-work  Mensuratioxi. 

Kaxtswors  KxarsimATios  ov  thx  Basis  oy  tkb  Psisiioiimi 
Foft3ftTX.A.  Containing  aimple  and  Iftbc»>4aTKig  aediod  of  obtabuB^ 
Priamoidal  Cootcota  directly  from  Bad  Areaa.  IBaafcrated  I7 
Examples,  and  aeeompanied  bj  Plain  Roles  for  prmeticftl  naea.  Bf 
CosWAT  R-  UowASO,  CStiI  Rngiaeer,  Ridtmond,  Ta. 


Morris*  Easy  Rules. 

78  miMtzatiofa.    Sto.    Cloth.    $U0. 
East  Rcles  roa  the  Mxascbexext  or  EASTHWoaKS,  by  meant  of 

the  Prismoidal  Formala.     By  Elwood  Hobjus,  Ciril  Engineer. 


Clevenirer's  Surveying, 

miutnted  Pocket  Form.    Morocco,  gOt    $2Ja. 

A   TaSATUB  ox  THE  METHOD  OF  GoVCaXMEXT  SUSTXTIKO,  ■• 

prescribed  by  the  U.  S.  Congress  and  CommiBsioner  of  the  General 
Land  Office.  With  complete  Matheinaticat,  Astronomical,  and  Prao- 
tieal  Instructions  for  the  Dse  of  the  U.  S.  Sarreyors  in  the  Field,  sad 
Stodents  who  contemplate  engaging  in  the  business  of  Public  Laad 
Surreying.     By  S.  V.  Clxvkxoek,  U.  S.  Deputy  Snrreyor. 


He-wson  on  Embankments. 

Sto.    doth.    $2.00. 
PanroirLVS    akd  Practice   or    Embaztkiko    Laitds   from    River 
Floods,  as  applied  to  the  Levees  of  the  MisBisnppi.    By  WixxiAX 
Hswsoif ,  Civil  Engineer. 


D.  VAN  NOSTRAND, 


IB 


Minifie's  Mechanical  Ora^ving. 

NiBth  Edition.    Boyal  8to.    Clotb.    KOO. 

TsxT-BoOK  or  Geometrical  Dbawimo,  for  the  use  of  MechEuiai 
&nd  SohooU.  ^Vith  illuslratioLB  for  Drawing  Plans,  Sectiooa,  and 
Elevations  of  Buildings  and  Machinery  ;  an  lutroductioa  to  Isometrip 
oal  Drawing,  and  au  Essaj  on  Linear  I'erapective  and  Shadows* 
With  over  200  diagrams  ou  steeL  By  William  MiNiriB,  Architeoi. 
With  an  Appendix  on  the  Theory  and  A|^lication  of  Colon. 


Minifie's  Geometrical  Dra-wlng. 

Mew  Edition.    Enlarged.    12mo.    Clotk.    $2  00. 

Qeombtrioal  DsAwJsro.    Abridged  from  the  octaTo  edition,  for  ih« 
IM  of  SohooU.    lUoatrafcod  with  43  steel  plates. 


Free  Hand  Dra"WT.ng. 

ProfoMlr  niostnted    lamo.    Boards.    OOoenU. 

A  Quids  to  O&namsntal,  Figure,  and  Landscape  Drawing. 
Art  Student. 


Bjan 


The  Mechanic's  Friend. 

12bo.  Oloth.  SCO  lUustntloiu.  $l.fi<l 
Tas  Mechanic's  Friend.  A  Collection  of  Receipts  and  Practical 
Suggestions,  relating  to  Aquaria — Bronzing — Cements — Drawing — 
Dyes — Electricity — Gilding — Glass- working — Glues — Horology — Lao- 
qaers — Locoinotirea — Magnetism — Metnl-workiog —  Modelling —  Pho- 
tography— Pyrotoohny — Railways  —  Solders  —  Steam-Engine  —  Tele-^ 
graphy — Taxidermy — Varnishes — Waterproofing — and  Miscellaneous 
Tools,  Instruments^  Machines,  and  Processes  connected  with  tbs 
Chemical  and  Mechanical  Arts.    By  William  £.  Axon,  M.R.3.L. 


Harrison's  Mechanic's  Tool-Book. 

44  mustrntions.     12ina    Cloth.     $1.00. 
GHANics'  Tool  Book,  with  Practical  Rules  and  Suggestions,  for  the 
use  of  Maohinists,  Iron  Workers,  and  others.     By  W.  B.  Hasrisov. 


Randall's  Quartz  Operator's  Hand-Book, 
lamix    Ootk.   $3oa 

Quartz    Operator's   Hand-Book.    By   P.  M.   Eakdau*.     Nov 

edition,  Revised  and  Eularged.     Fully  iUustrated. 


L 
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Joynson  on  Machine  Gearing. 

8to.    Cloth.    ^.00. 

Thb  Mecsakio'b  and  Student's  Guu>b  in  the  designing  and  Con* 
gtrnotioaof  General  Machine  Geftiing,  aa  Kecentrics,  Screws,  Toothed 
Wheels,  etc.,  and  the  Drawing  of  Rectilineal  and  Curred  Surface 
£dited  by  FsAicoia  U.  Jotmsox.     With  IS  folded  plabei. 


Maxwoirt?"  Matter  and  Motion, 

lOoiO.    Boards.    21d  pages.    50o. 
Uattkr  akd  Motion.    By  Prof.  J.  Clajik  Maxwell. 


Barnes'  Submarine  Warfare. 

8vo.    Cloth.     $5.00. 

SUBMASUrB    WASrABE,    DEFEXaiVB    A1?D     OFFENSIVE.       DttSCriptiOiIU 

of  the  various  forms  of  Torpedoes,  Submarine  Batteries  and  Torpedo 
Boats  actually  used  in  War.  Metltoda  of  Ignition  by  Macliiuery, 
Contact  Fuzee,  and  Electricity,  and  a  full  account  of  experiments 
made  to  determine  the  Explosive  Force  of  Gunpowder  under  Water. 
Also  a  discussion  of  the  Offensive  Torpedo  syttem,  its  effect  apoo 
Iron-clad  Ship  systems,  and  influence  upon  future  Naval  Wara.  By 
Iieut.-Com.  Jobk  S.  Barnes,  U.S.N.  With  twenty  lithograph^ 
plates  and  many  wood-cuts. 

Foster's  Submarine  Blasting. 

4to.     Cloth.     $3.B0. 
BuBHABiNB  Blasting,  in  Boston  Harbor,  Massachusetts — Remoyal  of 
Tower  and  Corwin  Rooks.    By  John  G.  Foster,  U.  S.   £ng,  and 
Bvl  Major-General  U.  S .  Army.    With  seven  plates. 


Plympton'H  Aneroid  Barometer. 

lOuio.     Boards,  illustrated,  50c.      Morocco,  $1.00. 
Tile  Aneroid  Bauoubteb:  Its  Construction  and  Use,  compiled  from 

several  sourcea 


Williamson  on  the  Barometer, 

4tQ.  Ootb.  $15.00. 
On  thb  UfiB  OF  the  Barombteb  on  SimrBTS  and  Rbconivau 
bances.  Part  I. — Meteorology  in  its  Connection  witli  Hypeometry. 
Part  n. — Barometric  Ilypsometry.  By  R.  8.  Williaiison,  Brt 
Lt-Col.  U.  S.  A.,  Major  Corps  of  Engineers.  With  iUnstrativa  tablet 
and  engravings. 


